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NOTICE 



All materials and information contained In these CONFERENCE 
PROCEEDINGS are published In the exact form as presented to Environment 
Canada and the Ontario Ministry of the Environment by the seminar 
speakers. No attempt is made to edit, reformat or alter the material 
provided except where obvious errors or discrepancies have been 
detected. Statements and views presented are totally those of the 
speakers and do not necessarily reflect the views and policies of the 
Joint Committee of Environment Canada and the Ontario Ministry of the 
Environment. Mention of trade names or commercial products does not 
constitute endorsement or recommendation for use. 



FOREWORD 

In response to the International Joint Commission recommendations, 
the federal government and the government of Ontario signed an important 
agreement in August, I97i . Under the terms of the Canada-Ontario Agreement 
on Great Lakes Water Quality, the two governments undertook to accelerate 
the construction of pollution control facilities in the Great Lakes Basin, 
and provide funding for treatability studies and research designed to 
improve pollution control technology. Six million dollars will be made 
available for this purpose over the period of the Agreement, from August, 
1971 to December 31, 1975- Approximately half this fund is required for 
municipal phosphorus treatabi 1 i ty studies. 

The province of Ontario and Ontario municipalities are presently 
involved in a five-year program to control, by 1975, phosphorus discharges 
from more than 200 existing wastewater treatment plants serving some ^.7 
million people. For the most critically affected areas of the province, 
permanent phosphorus removal facilities must be operational by December 31, 
1973. 

In view of this deadline and the fact that the development of 
design parameters for phosphorus removal facilities is in its infancy it 
became apparent that a seminar of this nature should be of considerable 
assistance to those involved in the design of these facilities. 

The Phosphorus Removal Design Seminar held at the Skyline Hotel, 
Toronto, May 28 - 29, 1973, is the first such seminar to be convened under 
the Canada-Ontario Agreement on Great Lakes Water Quality. This seminar was 
intended to provide an exchange of information between consulting engineers 
and government personnel involved in the design and approval of phosphorus 
removal facilities at waste treatment plants. It is planned to hold a one 
day conference on October 16, 1973 to acquaint specifically municipal 
officials and others in the water quality field with this Information. 

These seminar papers should be useful as a reference for those 
who participated and those who did not have an opportunity to attend this 
semi nar . 

The papers presented at the seminar and contained herein should 
serve as a useful reference for the design of phosphorus removal facilities 
at sewage treatment plants. 
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GENERAL SESSION - Monday morning Toronto/Vancouver Room 

Members separate into Groups 1, 2 and 3 ^or sessions as follows: 



1 :30 to ^:30 pm Day 1 
9:00 to 12 noon Day 2 
12:15 pm - Lunch 
1 :30 to ^:30 pm 



Group 1 
Toronto Rm. 

Session "A" 
Session "B" 

Session "C" 



Group 2 Group 3 
Vancouver Rm. London Rm. 



Session "B" 
Session "C" 

Session "A" 



Session "C" 
Session "A" 

Session "B" 
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PHOSPHORUS REMOVAL DESIGN SEMINAR 



Chairman: Alex Redekopp, D.o.E. 



Time 



Detail 



Speaker 



Ob je c t i V e s 



9:00 am Welcome Address Peter Higgins 



9:15 am Introduction 



10:00 am 



Gordon VanFleet 



9:35 am Primary Treatment Alan Wilkes 



COFFEE 



To define seminar objectives and format, 
make miscellaneous announcements , and 
comment upon arrangements . 

Presentation of flow diagrams for alterna- 
tive phosphorus removal schemes applicable 
to the Ontario scene, including CORA program. 

Phosphorus removal efficiencies related to 
chemical used, dose rate waste characteris- 
tics. Define ranges, removal of other 
constituents settling characteristics, etc. 



10:30 am 



Biological and 
Post- secondary 

Treatments 



Jack Norman 



11:00 am Lagoon Treatment Ron Hunsinger 



For activated sludge and its variations. 
Phosphorus removal efficiencies related to 
chemical used, point of application, dose 
rate, waste characteristics , etc . Define 
ranges, other characteristics, etc. 

Phosphorus removal characteristics related 
to chemical used, dose rate, waste charac- 
teristics, etc. Define ranges, removal of 
other constituents, settling characteristics, 
etc . 



11:20 am 



Presentations, 
questions and 
discussions 



Opportunity for questions and individual 
short presentations from participants. 



12:15 pm LUNCH 



Session "A" 



MECHANICAL and PROCESS DESIGN 



Chairman : Paul Fol ey 



T i me 



Topic 



Speaker 



Objecti ve 



4 ruin, 



40 min 



Chemical Added to Primary 
Tanks 



Chemical Added to Activated 

Sludge and its Variations, 
Lagoons , etc . 



Gerry Rupke 

Boris Boyko 



Boris Boyko 
Gerry Rupke 



Design criteria for sizing and 
equipment selection, specific 
problem areas, etc. for alter- 
native chemicals . 

as above 



20 min, 



Coffee 



20 min. 



20 min, 
40 min. 



Chemical Added to Secondary 
Effluent 



Miscellaneous Design 



Presentations , Questions 

and Discussions 



Earl Shannon 



George Aldworth 



Design criteria for sizing and 
equipment selection, specific 
problem areas, etc., for alter- 
native chemicals. 

Corrosion and encrustation, 
aeration equipment design. 

Limited number of presentations 
(5-minute maximum) , questions 
and discussions . 



Adjourn. 



Session "B" 



COSTS, INSTRUMENTATION and CHEMICAL HANDLING 



Time 



Topi c 



Chairman: Charles Fisher 
Speaker 



Objective 



40 min 



Costs 



40 min, 



< 






1 


20 


min 




40 


min 



40 min, 



Instrumentation and 
Automatic Control 



Coffee 



Chemical Handling 



George Powell 
Paul Crawford 



Stacy Daniels 



Terry Fahlenbock 
Brian LeClair 



Presentations , Questions 

and Discussions 



Capital and operating costs for 
alternative systems, including 
equipment , chemical , labour and 
service costs. Interpretation 
of costs (financing available?) 

Instrumentation available for 
automatic monitoring of process, 
control instrumentation and 
applicability of automatic 
control. (Potential benefits 
of automatic control.) 



Availability of chemicals, their 
characteristics, costs, require- 
ments for storage and feeding 
facilities. Potential problem 
areas. 

Limited number of presentations 
(5-minute maximum) , questions 
and discussion. 



Adjourn. 



Session "C 



SLUDGE HANDLING, TREATMENT and DISPOSAL 



Chai rman : George Cornwall 



Time 



Topi c 



Speaker 



Objective 



25 min, 



35 min 



1 




4 




f 


20 min 




25 min 



35 min 



Sludge Characteristics 



Sludge Thickening and 

Dewatering 



Coffee 



Sludge Treatment 



Sludge Disposal 



Ron Zaloum 



Barry Hambley 
Ron Mondoux 



Roland Villiers 



Martin Wood 



Available knowledge on phos- 
phorus rich sludges from 
alternative systems, concen- 
trations , quantity . 

Experience with gravity 
thickening, flotation, filtra- 
tion, centrifugation, squeegee, 
etc., specific data - not theory 
pumping, piping. 



Heat treatment, digestion, 

incineration, liming. Design 
data, problem area. 

Experience or prediction with 
land fill, land spreading, 
disposal guidelines , problem 
areas . 



40 min 



Presentations , Questions 
and Discussions 



Limited number of presentations 
(5-minute maximum) , questions 
and discussion. 



Adjourn, 
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PHOSPHORUS REMOVAL IN ONTARIO 
Phosphorus can be removed from wastewater in a number of different 
ways. The design of a new treatment works encompassing phosphorus removal 
could entail an entirety different approach than that used in integrating 
such treatment into an existing plant. The latter imposes constraints 
upon the designer and requires a more intimate knowledge of the 
individual plant processes. 

Standard plant modifications or expansions can be conceived with a limited 
amount of information about the existing facilities. The consultant can 
fall back on a wealth of research and process development information 
to find satisfactory design parameters. Sufficient information has not 
been available to allow a similar approach in the provision of phosphorus 
removal. 

It hasy however^ been shown that certain prime coagulants are compatible 
with physical settling and biological treatment systems^ achieving 
substantial phosphorus removal efficiencies without significant impairment 
of existing processes. In some instances there are beneficial effects 
and in other cases the effects are not fully known. The designer must 
weigh the advantages and disadvantages on the basis of the limited 
information available today and judiciously integrate the chemical 
process into the existing wastewater treatment facility. 
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INTRODUCTION 

By 1975, Ontario expects to have phosphorus removal facilities in 

operation at more than 200 wastewater treatment plants serving some 

h.J million persons (see Appendix I). This represents ahout 90?£ of 

the population serviced with sewers. Permanent phosphorus removal 

facilities must be operational in 13% of these plants by the end of 

1973. 

Existing waste treatment includes seasonal retention, continuous flow- 
through and aerated lagoons, trickling filters, oxidation ditches, 
primary and tertiary treatment plants, and various modifications of 
the activated sludge process. Plant capacities range from O.Qii to 
l80 MOD. In order to integrate chemical treatment into these processes 
has required a broad program of research. 

The predictive methodology developed for selection of the most suitable 
prime coagulant for phosphorus removal at any particular waste treatment 
facility has been well documented in a recent paper by Eoyko ajid Rupke (l) 
The selection of prime coagulant for the permanent facility must be 
based on a number of factors including: 

delivered ahemical cost 

projected operating cost 

anticipated capital expenditure 

ability of chemical to provide greater removal efficiencies if 

required at some later date 
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effects on existing wastewater treatment processes 
utilization of existing facilities and physical effects of 
chemicals on those facilities 
effects on existing sludge treatment processes 
influence on existing sludge disposal practices. 

BACKGROUND 

The International Joint Commission (IJC) Heport (2) completed in I969, 

following a six-year study of pollution in the lover Great Lakes drainage 

basin, recommended that phosphorus discharges from all sources in 

the lower Great Lakes be reduced to the lowest practical level. Subsequently, 

the Government of Canada, under terms of the Canada Water Act (1970), 

enacted a policy calling for a staged reduction in the phosphorus 

content of detergents to a limit (by weight as P2O5} of 20 percent 

by August 1970 and 5 percent by December 31, 1972. Concurrently, 

the Province of Ontario annoxmced a policy requiring the installation 

of phosphorus removal facilities at municipal and institutional wastewater 

treatment plants located not only in the lower Great Lakes but also 

in the Ottawa River system, parts of the upper Great Lakes and 

throughout the inland recreational areas. Previous studies by the 

Ministry of the Environment {formerly the Ontario Water Resources 

Commission) on waters in the latter areas had shown phosphorus to 

be a major factor influencing eutrophlcation. 

Initially, the policy required a minimum removal of 80!E of the phosphorus 
from the wastewater plant influent with higher levels of removal to be 
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determined by further studies of the receiving waters. This criterion 
was subsequently superceded in the lower Great Lakes by the signing in 
April, 1972 of the Canada-United States International Agreement on Great 
Lakes Water Quality (3) which called for an effluent objective of 1 mg/1 
totaJ. phosphorus. 

Permanent phosphorus removal facilities must be operational by December 
31, 1973 in the most critically affected areas of the Province; by 
December 31, 1975 for those plants discharging to waters deemed to be in 
a less critical condition; and three years after notification in all 
other areas of the Province where problems are found to exist. The 1973 
phase of the program will involve approximately 150 plants with capacities 
ranging from O.OU to 2k MGD, serving an estimated 1,600,000 population. 
The 1975 phase will bring into operation another 50 plants ranging in size 
from 0.3 to I80 MGD, serving an additional 3,100,000 persons. 

As a prelude to the Canada-United States Agreement , the Governments of 
Canada and Ontario, in August 1971, signed an agreement (U) to implement 
and accelerate programs of pollution control in the lower Great Lakes 
to meet the recommendations of the IJC. The agreement secured funding 
for a $250 million capital works program aimed at upgrading sewage 
collection systems and treatment works, including the installation 
of phosphorus removal equipment at an estimated cost of $15 million. 
An additional $6 million over the five year term of the agreement 
was provided for related research studies. Phosphorus removal technology 
and treatability studies were to be given top priority in the research 
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program. The $6 million research fund is Jointly shared and administered 
by the Governments of Canada and Ontario. While some of the research 
is "being carried out by the experimental facilities of the two 
governments, many important projects are being funded through contract 
arrangements with the private sector. 

TREATABILITY STUDIES 

The program of integration of chemical treatment into existing plant 
processes involves the conducting of treatability studies (5) at each 
wastewater plant to determine the most effective chemical and point of 
application within the plant. The treatability studies are two-phase, 
involving in each plant an assessment of calcium, iron, and aluminum 
salts, with preliminary Jar tests determining the most suitable chemical. 
Where necessary this is followed by a full-scale pilot study using 
the selected chemical. Essentially, the full-scale studies confirm 
the adaptability of the existing treatment facilities to the phosphorus 
removal process. Such studies are being carried out by Ontatlo Ministry 
of the Environment personnel, municipal staff and consulting engineers 
at a total estimated cost of $2,200,000. Studies have been initiated 
or conrpleted at virtually all existing mechanical wastewater treatment 
plants with December 31, 1973 compliance dates. The data obtained should 
be used by the consultant to design the permanent equipment. In the 
event that the new facilities cannot be operational by the required 
target date, it will be necessary to bring into operation the temporary 
equipment utilized during the full-scale pilot studies. 
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studies to date have demonstrated that an effluent level of 1 mg/l 

of total phosphorus is technically feasible with the addition of chemicals 

to either primary or secondary treatment facilities. Chemical treatment 

has been similarly effective in achieving 80^ removal of the phosphorus 

entering the wastewater treatment plant except in cases of extremely 

low raw sewage total phosphorus concentrations. Chemical treatment 

C€Lnnot be expected to continuously produce an effluent below 0.5 mg/l 

total phosphorus. The effectiveness of phosphorus removal is dependant 

upon the amount and type of chemical used and, of course, the characteristics 

of the waste stream. 

Chemical Application Alternatives 
The alternatives for chemical treatment in Ontario, at the present 
time, include the use of aluminum, iron and calcium salts. Until 
recently, most studies involved the specific use of alum, ferric chloride 
and lime. Alternate points for chemicaJ addition are shown in Figure I (6). 
It can be seen that all three S€Llts can be applied to the raw sewage 
with the phosphate precipitate being removed with the sludge from 
the primary clarifier. Satisfactory mixing can frequently be achieved 
when the chemical is added to the suction side of the raw sewage pumps 
or into an aerated grit chainber. 

Because of the high pH requirement, lime is excluded from use in the 
biological treatment system. Aluminum or iron salts can be fed directly 
into the aeration tank or immediately following the aeration tank provided 
a point of sufficiently turbulent flow can be found for mixing. Polymers 
are optional and have not been found significantly effective except 
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f i na 1 c 1 ar i f i er 



aerat ion tank 



Fl GURE 



in conditions where the clarifiers are hydraulically overloaded. For 
a plant containing both primary and biological treatment units Jar 
testing studies vould be carried out on both the raw sewage and the 
final effluent to determine the most economical point of chemical 
addition. Tertiary units could have chemical addition directly ahead 
of them and vould have jar test studies carried out on the secondary 
effluent. Studies have shown that chemicals applied to the final 
secondary effluent produce dosage results similar to those obtained 
when the chemicals are added to the mixed liquor. 

RESEARCH STUDIES 

Through funding under the Canada/Ontario Agreement, research programs 
on phosphorus removal have been expanded and intensified to explore 
concepts put forward by mxmicipalities , universities, industries and 
consulting firms. In addition, long-term full-scale and laboratory 
studies have been initiated by both Environment Canada and the Ontario 
Ministry of the Environment to refine the technology of phosphorus 
removal. In some cases, the treatability and research studies have 
been integrated. The longer term research studies provide an opportunity 
to assess specific process phenomenon, including sludge treatment 
and disposal, under the influence of varying quantities and types of 
prime coagulants. 

The sludges produced are being used for laboratory and field investigations 
into various aspects of sludge utilization and disposal. These studies 
would determine the maximum rates of sludge application which can 
be used on agricultural soils without polluting ground and surface 
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water or reducing the queintity and quality of the crops produced. 
Secondly, the behaviour of chemical sludges in soils is being studied 
to determine the effects of the sludges on the physical, chemical 
and biological properties of the soils. 

Also under study are a number of potentially useful prime coagulants 
which may reduce the cost of phosphorus removal. Projects have been 
carried out at Dunnville and Chatham on the use of waste pickle liquor 
from steel product manufacturing operations. Initial studies indicate 
that the use of this problem waste will be helpful in achieving required 
phosphorus controls at a considerable saving to the municipalities. 

A spray irrigation and spray runoff study, irrigating lands with and 
without crop cover, is being carried out at Smitbville to assess the 
effectiveness of this process to remove organics and phosphorus. For 
small municipalities this may be a clear alternative to chemical treatment 
The project, involving irrigation of a wheat crop, was begun in 1972. 
The evaluation of nmoff from a nearby uncropped plot indicated 60 
to 70% reduction of phosphorus with little effect on the receiving 
stream. 

The Province has a large number of lagoons, some of which operate 
on a continuous discharge basis with others having discharges confined 
to spring and fall periods. Successful studies have been carried 
out on both types of facilities using alum, ferric chloride and lime. 
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Full-scale studies using the three prime coagulants have been run 
for extended periods at various sized plemts employing a variety of 
sewage and sludge treatment processes. A report on these investigations 
has heen published (l). 

Many other important investigations are currently in progress or have 
only recently been completed. These include investigations of the 
settling behaviour of physical-chemical floes, veuriations in effluent 
qu€LLity, factors influencing chemical addition rates and many other 
studies which will provide a greater insight into phosphorus removal 
phenomenon . 

CONCLUSIONS 

The integvati-on of chemical ta^eatment into existing ixistewateT* treatment 
plants in Ontario hue necessitated the development of a research methodology 
capable of providing in a very short time period sufficient design 
information to successfully implement the Province's phosphorus removal 
program. This methodology has involved both treatability studies 
and intensive research investigations. The treatability studies are 
proceeding at all wastewater treatment plants requiring phosphorus 
removal and it is expected that the resultant data will contribute 
to the design of the most efficient and economical chemical process 
for each particular plant within the required timing. Research and 
demonstration projects carried out under contract by the private sector 
and by personnel of the Ontario Ministry of the Environment and 
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Environment Canada have made it possible to confidently design permanent 
facilities to meet the required percent phosphorus removal or effluent 
quality criteria* Continuing investigations will produce more accurate 
information on sludge handling and disposal and will improve upon 
existing wastewater treatment technology which will undoubtedly result 
in moire efficient operation and a lowering of costs. 
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May 28, 1973 

APPENDIX I 
INDEX OF MUNICIPALITIES REQUIRING PHOSPHORUS REMOVAL 

A list of municipalities, the level of phosphorus removal to be achieved 
at each, and the compliance dates for permanent operation are attached. 
It should he noted that this list includes not only existing facilities, 
hut also those proposed to be built over the next few years. In some 
cases the construction completion date will be later than the compliance 
date. Obviously, in such cases, phosphorus removal will come on-stream 
when the new wastewater treatment plant becomes operational. 

Where the designation "Future" is used it means that phosphorus removal 
is not required at the wastewater treatment plant at the present time. 
Therefore no compliance date or level of removal is shown. Should 
water quality studies at these location indicate the need for phosphorus 
removal the municipalities will be so notified and have three years 
to bring permanent facilities into operation. 

This list should not be considered as final and is subject to expansion 
or change to meet evolving program requirements. 
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INDEX OF MUNICIPALITIES REQUIRING PHOSPHORUS REMOVAL 



MUNICIPALITY 



PHOSPHORUS REMOVAL 
REQUIREMENT 



COMPLIANCE 
DATE 
(Dec. 31) 



Acton (Town) 

AJax (Town) 

Alexandria (Town) 

Alfred (Village) 

Alliston (Town) 

Almonte (Town) 

Amherstburg (Town) 

Anson, Hindon & Minden (Twp. ) 

Armstrong (Twp. ) 

Amprlor (Town ) 

Arthur (Village) 

Assiginack (Twp. ) 

Atikokan (Twp. ) 

Aurora (Town) 



Aylmer (Town) 



^: 



o Police College) 



Bala (Muskoka Lakes Twp, ) 

Balfour (Twp. ) 

Balmertown (imp. District) 

Bancroft (Village) 

Barrie (City) 

Barry's Bay (Village) 

Bath (Village) 

Beardmore (Imp. District) 

Beaverton (Village) 

Beeton (Village) 

Belle River (Town) 

Belleville (City) 

Belmont (Village) 

Bicroft (Imp. District) 

Black River-Matheson (Twp.) 

Blenheim (Town) 

Blenheim (Twp.) - Plattsville 

Bobcaygeon (Village ) 

Bolton (Village) 

Bothwell (Town) 

Bowman vi lie (Tofwn ) 

Bracebridge (Town ) 

Bradford (Town ) 

Brant ford (City) 

Brighton (Village) 



1 mg/1 
1 mg/l 



1 mg/l 
1 mg/l 

1 mg/l 



803! 

1 mg/l 
1 mg/l 

B - 
80)f 



Q0% 
&0% 



80!g 

1 mg/l 
1 mg/l 
1 mg/l 
1 mg/l 

1 mg/l 
1 mg/l 
1 rag/1 
1 mg/l 
1 mg/l 
1 mg/l 
Q0% 
80!5 
1 mg/l 



1975 

1975 

Future 

Future 

Future 

Future 

1973 

1973 

Future 

1975 

1973 

Future 

Future 

1973 

1973 

1973 



1973 
Future 
Future 
Future 
1973 
1973 
Future 
Futiure 

1973 
Future 
1973 
1975 
1973 
1973 
Future 
1973 
1973 
1973 
1975 
1973 
1975 
1973 
1973 
19T3 
Future 
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May 


28, 1973 
COMPLIANCE 


MUNICIPALITY 


PHOSPHORUS REMOVAL 
REOUIRMENT 




DATE 
(Dec. 31) 


Brighton (Tvd. ) - Warkworth Inst. 

Brockvllle (City) 

Bruce Mines (Town) 

Bucke (Twp.) 

Burk's Falls (Village) 

Burlington (Tovn) 


1 mg/1 
1 mg/l 

1 mg/l 




1973 

1975 

Future 

Future 

Future 

1975 
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Caldwell (Twp. ) 

P.V. of Vemer ^^ 

Caledonia (Town) 1 mg/l 

Calvert (Twp.) 

Campbellford (Town) 1 mg/l 

Cannington (Village) 80SS 

Capreol (Town) 

Cardiff (Bicroft Imp. District) Q0% 
Cardinal (Village) 

Carleton Place (Town) Qo% 

Casselman (Village) 
Cavan (Twp.) 

Ontario Correctional Institute 1 mg/l 
Cayuga (Village) 1 mg/l 

Chalk River (Village) 
Chapleau (Twp. ) 

Chatham (City) - 1 mg/l 

Chesley (Town) 
Chesterville (Village) 
Clinton (Town) 
Cotalt (Town) 

Cohden (Village) Q0% 

Cobourg (Town) 1 mg/l 

Cochrane (Town ) -., 

Colbome (Village) 
Coldwater (Village) 

Collingwood (Town) 80^ 

Coniston (Town ) 
Copper Cliff (Town) 

Cornwall (City) 1 mg/l 

Cornwall (Twp. ) 

Courtright (Village) 1 mg/l 

Cumberland (Twp. ) 



1973 
1973 

Future 
1973 
1973 

Future 
1973 

Future 
1975 

Future 

1973 

1973 
Future 
Future 

1973 
Future 
Future 
Future 
Future 

1973 

1975 
Future 
Future 
Future 

1973 
Future 
Future 

1975 
Future 

1973 
Future 



15 



MUNICIPALITY 



PHOSPHORUS REMOVAL 
REOUIRMENT 



May 28, 1973 

COMPLIANCE 
DATE 
(Dec. 31) 



Deep River (Tovn ) 
Delhi (Town) 
Deloro (Village) 
Desoronto (Town) 
Drayton (Village ) 
Dresden (Town) 
Dryden (Town ) 
Dumfries South (Twp. ) 

P.V. of St. George 
Dundalk (Village) 
D\mdas (Town ) 
Dimnville (Town) 
Durham (Town ) 
Dutton (Village) 
Dysart et al Haliburton (Twp.) 



E€U- F€ais (Imp. District) 
Eganville (Village) 



Elizabethtown (Twp 
Elliot Lake (Twp. ) 
Elmira (Town ) 
Elmvale (Village) 
Elora (Village) 
ano (Twp.) 
Englehart (Town) 
Enniskillen (Twp. ) 
Eramosa (Twp. ) 
Erin (Village) 
Emestown (Twp. ) 

Amherst view 

Odessa 
Espanola (Town) 
Essex (Town ) 
Exeter (Town) 



) 



- Oil City 



1 mg/1 



1 mg/1 
1 mg/l 



1 mg/l 
1 mg/l 

1 mg/l 
1 mg/l 

1 mg/l 
1 mg/l 



- E - 



1 mg/l 
1 mg/l 



1 mg/l 
1 mg/l 



1 mg/l 



Future 
19T3 

Future 

Future 

1973 

1973 

Future 

1973 
1973 
1975 
1973 
Future 
1973 
1973 



Future 
Future 
Future 
Future 

1973 
Future 

1973 
Future 
Future 

1<?73 

1973 
Future 

Future 
Future 
Future 

1973 
Future 



_ F - 



Fauquier (Twp. ) 
Fenelon Falls (Village) 
Fergus (Town) 
Ferris East (Twp. ) 
Flesherton (Village) 
Forest (Town ) 
Fort Erie (Town) 

Crystal Beach 



1 mg/l 
1 mg/l 



1 mg/l 



Future 
1973 
1973 
Future 
Future 
Future 

1973 
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May 28, 19T3 



MUNICIPALITY 



PHOSPHORUS REWOVAL 
REOUIREMENT 



COMPLIANCE 
DATE 



Fort Erie (Town) 


1 mg/1 


Fort Frances (Town ) 


- 


Frankford (Village) 


1 mg/1 
- G - 

1 mg/1 


Gait (City) 


Gananoque (Separated Town) 


- 


Georgetown (Town ) 


1 mg/l 


Georgian Bay (Twp. ) 




MacTier 


sol 


Georgina (Twp. ) 




Sutton 


m$ 


Geraldton (Town) 


- 


Glencoe (Village ) 


1 rag/1 


Goderich (Town) 


- 


Gosfield, North (Twp.) - P.V 


Cottam 1 mg/1 


Gosfield, South (Twp.) 




Cedar Beach 


X mg/1 


Grand Valley (Village) 


1 mg/1 


Gravenhurst (Town ) 


Q0% 


Gravenhurst (Town) - Ontario 


Hosp . 8o;s 


Grimsby (Town ) 




Grimsby Beach 


-■ 


West End Lagoon 


- 


Main Plant 


- 


Guelph (City) 


1 mg/1 



- H - 



Hagersville (Village ) 
Haileybury (Town) 
Hamilton (City) 
Hanover (Town ) 
Harriston (Town ) 
Harrow (Town) 
Hastings (Village) 
Havelock (Village) 
Hawkesbury (Town) 
Hearst (Town ) 
Hespeler (Town) 
Himsworth, North (Twp.) 

Callander 
Huntsville (Town) 



1 mg/1 
1 mg/1 



1 mg/1 
1 mg/1 
1 mg/1 
80% 

1 mg/1 



1975 

Future 

19T3 



1973 

Future 

1975 

1973 

1973 
Future 

1973 
Future 

1973 

1973 
1973 
1973 
1973 

Future 

Future 

Future 

1973 



1973 
Future 

1975 

Future 

Future 

1973 

1973 

1973 

1975 

Future 

1973 

1973 
1973 
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MUNICIPALITY 



PHOSPHORUS REMOVAL 
REQUIREMENT 



May 28, 19? 3 

COMPLIANCE 
DATE 
(Dec. 31) 



Ignace (Tvp, ) 

Ingersoll (Separated Town 

Iroquois (Village ) 



1 mg/l 



Futiire 

1973 
Future 



Jarvis (Village) 
Joyceville (Institution) 



- J - 

1 mg/1 
1 mg/1 

- K - 



1973 
1973 



Kapuskasing (Town) 
Keewatin (Town) 
Kemptville (Town) 
Kenora (Town ) 

Killaloe Station (Village) 
Kincardine (Town) 
Kingston (City) 
Kingston (Twp. ) 
Kingsville (Town) 
Kitchener (City) 



80jg 

80% 

1 ing/1 
1 mg/1 
1 mg/1 
1 mg/1 



Future 

Future 
1973 

Future 
1973 

Future 
1975 
1975 
1973 
1973 



- L - 



Lakefield (Village) 

Ltincaster (Village ) 

Larder Lake (Twp. ) 

Latchford (Town) 

Leamington (Town ) 

Leeds & Lansdowne, Front of (Twp.) 

Levack (Town ) 

Lincoln (Town ) - Beamsyille 

Lindsay (Town) 

Listowel (Town) 

Little Current (Town) 

Lively (Town) 

London (City) 

Adelaide , 

Pottersburg 
Longlac (Twp. ) 
L'Orignal (Village) 
Loughborough (Twp. ) 

Sydenham 
Lucan (Village) 



1 mg/1 



1 mg/1 



1 mg/1 
80^ 



Greenway, Oxford, 
and Vauxhall 



1 mg/1 



1 mg/1 



1973 
Future 
Future 
Future 

1973 
Future 
Future 
Future 

1973 

1973 
Future 
Future 



1973 
Future 
Future 

1973 
Future 
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May 28. 1973 



MUNICIPALITY 



PHOSPHORUS REMOVAL 
REQUIREMENT 



COMPLIANCE 

DATE 
{Dec. 31) 



Macdon€ild, Meredith & 

Aberdeen Additonal (Twp.) 
MacTier (Georgian Bay Twp.) 
Madoc (Village) 
Manitouvadge (imp. District) 
Marathon (Tvp. ) 
Markdale (Village) 
Markham (Town) - John Street, 

Old Plant & Unionville 
Marlborough (Twp.) - Rideau 

Industrial Farm 
Marmora (Village) 
Massey (Town) 
Mattava (Town) 
Meaford (Town) 
Merrickville (Village) 
Michipicoten (Twp. ) 

Wawa 
Midland (Town) 
Mildmay (Village) 
Millbrook (Village) 
Milton (Town ) 
Milverton (Village) 
Mississauga (Town) 
Mitchell (Town) 
Moore (Twp. ) 

P.V. of Corunna 

P.V. of Brigden 
Morrisburg (Village) 
Mount Forest (Town ) 
Muskoka Lakes (Twp.) 

Bala 

Port Carling 



Napanee (Town ) 
Neelon & Garson (Twp.) 
Nepean (Tvp.) 
Neustadt (Village) 
Newburgh (Village) 
Newcastle (Village) 
New Hamburg (Town) 
New Liskeard (Town) 
Newmarket (Town ) 
Niagara Falls (City) 



1 mg/1 
1 mg/1 

ief 

1 mg/1 



8.0.1 

1 mg/1 
1 mg/1 

1 mg/1 
1 mg/1 

1 mg/1 
1 mg/1 

80^ 



60!? 
N - 
1 mg/1 

8o;g 

1 rag/1 

Q0% 
1 mg/1 



Futiire 
1973 
1973 
Future 
Future 
Future 

1975 

1973 

1973 

Future 

Future 

Future 

1973 

Future 
1973 

Future 
1973 
1975 

Future 
1975 
1973 

1973 

1973 

Future 

1973 

1973 
1973 



1975 
Future 

1975 
Future 
Future 
Future 

1973 
Future 

1973 

1975 
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May 28, 1973 



^f[JKICIPALITY 



PHOSPHORUS REMOVAL 
REOUIRmENT 



COMPLIANCE 
DATE 
(Dec. 31) 



Niagara-on-the-Lake (Town) 
Nipigon (Twp. ) 
North Bay (City) 
Norwich (Village) 
Norwood (Village ) 



Oakville (Town) 

Trafalgar & East End and 

Navy Street 
Oil Springs (Village) 
Oliver (Twp . ) 
Omemee (Village) 
Onaping (imp. District) 
Orangeville (Town) 
Orlllia (City) 
Oshawa (City) 
Osnabruck (Twp. ) 
Ottawa (City) 
Ottawa (city) 

Uplands Canadian Forces Base 
Owen Sound (City) 



Paisley (Village) 
Palmerston (Town ) 
Paris (Town) 
Parry Sound (Town) 
Pembroke (Town) 
Penetanguishene (Town ) 
Penetanguishene (Town ) 

Ontario Hospital 
Perth (Town) 
Petawava (Village) and 

Canadian Forces Base 
Peterborough (City) 
Petrolia (Town) 
Pickering (Village) 
Pickering (Twp. ) 
Picton (Town) 

Plantangenet (Village ) 
Play fair (Twp. ) 

Ramore 
Point Edward (Village) 



80^ 
1 mg/1 
1 mg/1 



Future 

Future 

1973 

1973 

1973 



- - 



1 mg/1 
1 mg/1 

1 rag/1 

1 mg/1 
80^ 
1 mg/1 

80^ 

80^ 



- P - 



1 rag/1 

m% 

80% 
B0% 

Bq% 
B0% 

1 mg/l 
1 mg/1 
1 mg/1 

1 mg/1 
1 mg/1 



1 mg/l 



1975 
1973 

Future 
1973 

Future 
1975 
1973 
1975 

Future 
1975 

1973 
1973 



Future 
Future 
1973 
1973 
1975 
1973 

1973 
1973 

1975 
1973 
1973 

Future 
1975 
1975 

Future 

Future 
1973 
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May 


28, 1973 

COMPLIANCE 




PHOSPHORUS REMOVAL 


DATE 


MUNICIPALITY 


REOUIRINENT 


(Dec. 31) 


Port Carling (Muskoka Lakes Tvp. ) 


8o;s 


1973 


Port Colborne (City) 


1 rag/1 


1975 


Port Dover (Town) 


1 mg/1 


1973 


Port Elgin (Town) 


- 


Future 


Port Hope (Town) 


1 mg/l 


1975 


Port McNicoll (Village) 


80% 


1973 


Port Perry (Village) 


1 mg/l 


1973 


Port Rowan (Village) 


1 mg/l 


1973 


Port Stanley (Village) 


1 mg/l 


1973 


Powassan (Town ) 


Q0% 


1973 


Prescott (Separated Town) 


1 mg/l 


1975 


Preston (Town) 


1 mg/l 


1973 



- R - 



Rainy River (Town) 
Raleigh (Twp.) 

Ontario Hospital 
Raleigh & Tilbury East (Twps.) 

P.V. of Merlin 
Rayside (Twp.) 

Azilda 
Red Lake (Twp. ) 
Renfrew (Town) 



1 mg/l 
1 mg/l 



Richmond (Village) 


So? 


Richmond Hill (Town) 


1 mg/l 


Ridgetown (Town ) 


1 rag/1 


Rockl€Uid (Town) 


— 


Rodney (Village) 


1 mg/l 
- S - 
1 mg/l 


St. Catharines (City) 


St. Isidore de Prescott (Village) 


- 


St . Marys ( Separat ed Town ) 


1 mg/l 


St. Thomas (City) 


1 mg/l 


S€imia (City) 


1 mg/l 


Sarnia (Twp. ) 




Bright *s Grove 


- 


Sault Ste. Marie (City) 


— ... 


Schreiber (Twp. ) 


- 


Seaforth (Town) 


- 


Shackleton & Machin (Twp.) 




Fauquier 


:- 


Shelburne (Village) 


_ 


Sherborne, McClintock and 




Livingstone (Twp, ) 




Dorset Forestry School 


1 mg/l 



Future 

1973 

1973 

Future 
Future 
1975 
1973 
1975 
1973 
Future 
1973 



1975 
Future 
1973 
1973 
1973 

Future 
Future 
Future 
Future 

Future 
Future 



1973 
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May 28, 1973 







COMPLIANCE 




PHOSPHORUS REMOVAL 


DATE 


MUNICIPALITY 


REOUIRIWENT 


(Dec. 31) 


Sidney (Twp. ) 






Batava 


1 mg/l 


1973 


Slmcoe (Tovn ) 


1 mg/l 


1973 


Sioux Lookout (Town) 


— 


Future 


Smiths Falls (Separated Town) 


QQ% 


1973 


Smlthville (West Lincoln Twp.) 


. 


Future 


Smooth Rock F€lL1s (Town) 


<■"" 


Future 


Sombra (Twp. ) 






P.V. of Sombra 


1 mg/l 


1973 


P.V. of Port Lambton 


1 mg/l 


1973 


Southampton ( Town ) 


- 


Future 


South River (Village) 


. 


Future 


Stayner (Town) 


— 


Future 


Stirling (Village) 


1 mg/l 


1973 


Stouffville (Whltchurch- 






Stouffville Town) 


1 mg/l 


1975 


Stratford (City) 


1 mg/l 


1973 


Strathroy (Town) 


1 mg/l 


1973 


Sturgeon Falls (Town) 


Q0% 


1973 


Sudbxiry (City) 


_ 


Future 


Sundridge (Village) 


80^ 


1973 


Sutton (Georgina Twp. ) 


80^ 
- T - 
1 mg/l 


1973 


Tavistock (Village) 


1973 


Teck (Twp.) 






Kirkland Lake 


m. 


Future 


Terrace Bay (Twp.) 


• 


Future 


Thamesville (Village) 


1 mg/l 


1973 


Thessalon (Town) 


- 


Future 


Thornbury (Town ) 


A 


Future 


Thunder Bay (City) 






Port Arthur & Fort William 


mm 


Future 


Tilbury (Town) 


1 mg/l 


1973 


Tilbury East & Raleigh (Twps.) 






P.V. of Merlin 


1 mg/l 


1973 


Tilbury North (Twp.) 






P.V. of Stoney Point 


1 mg/l 


1973 


Lighthouse Shores 


1 mg/l 


1973 


Tilbury West (Twp. ) 






P.V. of CcHnber 


1 mg/l 


1973 


Tillsonburg (Town) 


1 mg/l 


1973 


Timmins (Town ) 


. 


Future 


Tisdale (Twp.) 


««• 


Future 
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May ?8, 1973 



MUNICIPALITY 



PHOSPHORUS REMOVAL 
REQUIREMENT 



COMPLIANCE 

DATE 

(Dec. 31) 



Metropolitan Toronto 

Huinber, Long Branch, Main, 
North Toronto & Scarborough 

Tottenham (Village) 

Trenton (Separated Tovn) 

Trenton (Sepsirated Tovn) 
Canadian Forces Base 

Tweed (Village) 



Uxb ridge (Town) 



Valley East (Twp. ) 
Vankleek Hill (Town) 
Vaughan (Town ) 

West Don 

Kleinburg 



Walkerton (Town) 
Wallaceburg (Town ) 
Waterdown (Village ) 
Waterford (Town) 
Waterloo (City) 
Watford (Village) 
Webbvood (Town ) 
Welland (City) 
Wellesley (Village ) 
Wellington (Village) 
West Lincoln (Twp. ) 

Smithville 
West Lome (Village) 
Westminster (Twp. ) 
Westport (Village ) 
Wheatley (Village ) 
Whitby (Tovn) 

Corbett Creek 

Mxinicipal 

Ontario Hospital 
Whitchurch-Stouffville (Town) 

Stouffville 
Whitney (Twp.) 



- U 



1 mg/1 

1 mg/l 

1 mg/l 
1 mg/l 

I _ 

Q0% 



- V - 



1 mg/1 



- V - 



1 mg/1 

1 mg/1 
1 mg/1 
1 mg/1 

1 mg/1 
1 mg/1 



1 mg/1 
1 mg/1 

1 mg/1 

1 mg/1 
1 mg/1 



1 mg/1 



1975 

Future 

1975 

1975 
1973 



1973 



Future 
Future 

1975 
Future 



Future 
1973 

Future 
1973 
1973 
1973 

Future 
1975 
1973 

Future 

Future 
1973 
1973 
1973 
1973 

1975 

1975 

Future 

1975 
Future 
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MUNICIPALITY 



May 28. 1973 



PHOSPHORUS RMOVAL 
REOUIRIMENT 



COMPLIANCE 

DATE 

(Dec. 31) 



Wiarton (Town) 
Wilmot (Twp. ) 

P.V. of Baden 
Winchester (Village) 
Windsor (City) 

Little River and Westerly 
Wingham (Town) 
Woodstock (City) 
Woolwich (Twp. ) 

P.V, of St. Jacobs 



1 mg/l 

1 mg/l 
1 mg/l 
1 mg/l 



Future 

1973 
Future 

1973 

Future 

1973 

1973 



- Z - 



Zurich (Village) 



Future 



/ 
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GUIDELINES FOR CONDUCTING 

TREATABILITY STUDIES FOR PHOSPHORUS RIWOVAL AT 

WASTEWATER TREATMENT PLANTS 



An information brief for consulting engineers and rmmiaipat 
officials and a supplement to Guidelines for Initiating 
Treatability studies. Further information can be obtained 
by contacting Mr, J.W,G, Rupke or Mr, G. L, Van Fleet. 



Ministry of the Environment 
135 St. Clair Avenue West 
Suite UOO 
TORONTO, Ontario 
April 28. 1972 mUv 1P5 



GUIDELINES FOR CONDUCTIMG TREATABILITY STUDIES 
FOR PHOSPHORUS RH^OVAL AT WASTEWATER TREATOENT PLANTS 

INTRODUCTION 

Nutrients are known to play a significant role in the growth and 
proliferation of algae in the aquatic environment. The control of 
specific nutrient inputs, such as phosphorus, can aid in correcting 
existing eutrophication problems and protect our waterways from over- 
abundant algal production. 

The Province of Ontario is presently involved in a five-year program 

to control, by 1975, phosphorus discharges from more than two hundred 

existing wastewater treatment plants serving some h.f million persons. 

Permanent phosphorus removal facilities must be operational by December 

31, 19T3, in the most critically affected areas of the Province; 

by December 31, 1975, for those discharging to waters deemed to be 

in a less critical condition; and three years after notification in 

all other areas of the Province where problems are found to exist 

or where protective measures are required. Figure I outlines the 

areas of the Province affected by the program and the respective compliance 

dates. The program is a response to International Joint Commission 

recommendations on the lover Great Lakes and the demDnstrated need 

for nutrient controls in prime recreational waters throughout the 

Province. 
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Rgure 1 




^Bawrence river 

"-" LEGEND 



Dec. 31, 1973 



Alt plants 



ST. CLAIR R 
LAKE ST. CLAI 

DETROIT R 
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^^■^^ Im.g.d. or where 
local problems 
demonstrated 



UNITfO ilATES OF AMERICA 
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PHOSPHORUS REMOVAL PROGRAM 
SCHEDULED COMPLIANCE DATES 



Dec. 31, 1975 ^^ Plants larger than 

Im.g.d. 

Studies required to 
determine need 



Future 



Affected wastewater treatment plants located in the Upper Great Lakes 
and Ottawa River Systems are required to remove 80 per cent of the 
phosphorus from sewage which enters the treatment plant. An average 
effluent total phosphorus concentration of 1 mg/l is required at all 
affected plants which discharge directly or indirectly to the St. 
Clair River. Lake St. Clair, the Detroit River, Lake Erie, the Niagara 
River, Lake Ontario and the Ontario section of the St. Lawrence River. 
The permanent facilities and prime chemical coagulant selected must, 
in each case, be capable of greater reraoval efficiencies, as further 
receiving water studies may dictate the need for more stringent requirements 

GUIDELINE OBJECTIVES 

These guidelines are designed to assist personnel involved in carrying 

out phosphorus removal treatability studies in determining the most 

efficient and economical means to implement phosphorus removal through 

chemical addition at existing wastewater treatment plants. The methodology, 

which includes both jar testing and pilot study phases, would allow 

the prediction of the prime coagulant best suited for phosphorus removal 

at any particular treatment facility and a determination of whether 

the chemical used would have any effect on the existing wastewater 

treatment process, facilities, method of sludge treatment, and subsequent 

sludge disposal practices. The choice of chemical would be limited 

to the process most compatible with sewage chsiracteri sties and the 

existing facilities, taking into account the physical layout of the 

plant and the delivered cost and availability of the particular chemical. 

As it has been established that raw sewage characteristics vary from 



~ h - 



municipality to municipality, the need for a treatability study at 
each plant is evident. In some cases it may be sufficient to accurately 
predict the most suitable chemical for a particular plant on the basis 
of jar testing studies alone. 

PROCEDURES 

Initial vork consists of preliminary jar tests to establish the prime 
precipitant (iron, ailuminium, or calcium setlts) that will consistently 
provide the degree of phosphorus removal required. The jar testing 
should cover the equivalent of three one-week periods of intensive 
testing using each of the chemic€ils throughout the day and in the 
various days of the week. Analyses should be conducted on raw samples 
and the supematants from the jars. Through the use of probability 
plots, con^arative chemical dosages and costs can be obtained. This 
information in conjxmctlon with an assessment of the visual and 
analytic data obtained during the study and a knowledge of the existing 
plant facilities can provide a base for predicting the most suitable 
chemical. 

An interim stut^ report should be prepared and submitted based on 
the jar tests and include sufficient data to substantiate the conclusions 
reached. This report may also include a recommendation for a full- 
scale pilot study using the most efficient chemical. Such a 
recommendation should be contingent upcMi a site evaluation to determine 
if existing facilities can be readily used for phosphorus removal 
in the manner which is proposed. 
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When the interim study report is reviewed and approved, a full-scale 
pilot study may be carried out. The study can frequently be run on 
a portion of the plant and produce results equivalent to the complete 
plant at substantial savings. Prior to commencing the full-scale 
study, the various points of chemical application should be assessed 
to ensure that adequate mixing capability is present in the existing 
plant. Mixing may be obtained through chemical discharge into the 
suction side of pumps, in an aerated grit chamber, into interconnecting 
channels or into the aeration tank. In most cases it will not be 
necessary to utilize flash mixers. 

If full-scale tests are to be conducted, it is expected that the studies 
would be of approximately six weeks duration for a primary treatment 
plant. For a secondary treatment plant, eight weeks of full-scale operation 
should yield the required information. Following completion of the 
full-scale studies, a complete treatability study report is to be 
prepared, documenting problems encountered at the plant, confirming 
the chemical to be used in permanent operation and containing recommendations 
for the implementation of phosphorus removal. 

Phase I - Jar Testing 
The use of jar testing procedures to simulate water treatment plant 
conditions is a well known and often used technique (l). More recently 
this same jar test procedure has been used to provide preliminary design 

(1) Simplified Procedures for Water Examination. AWWA Manual, 
M12, p. U2. 
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information on phosphorus removal by chemical precipitation in municipal 
wastewater treatment systems. Tests are carried out on grab samples 
of either the raw sewage or final effluent (see Appendices A and B). 
For primary plants, varying dosages of al\aminum salts, iron salts and 
lime are added to raw sewage samples. Tests on biological treatment 
units are ceurried out using aluminum and iron salts applied to the 
final effluent which produces results similar to those obtained from 
chemical application to the mixed liquor. When primary and biological 
units are in operation both of the aforementioned tests &te carried out. 

The procedure, which parallels that used by the potable water treatment 
plant operators (l), is described as follows: 

% Adopt a jar test procedure which must he continued throughout 

the test programme at the plant. Use a standard arbitrary timing 
sequence ensuring adequate mixing and reaction time^ {e.g, 
5 minute fast mix (100 rpm) fottoDed by IS minute slow mix 
(25 rpn) J settle for 30 minutes and sample supernatant], 

'$% Take a 7 litre grab sample of the waste stream to he tested^ 

$*■ Retain a well mixed I litre raw sample of the above for measurement 

of total phosphorus and pH. Occasionally check soluble phosphorus^ 
suspended solids and BOD (see step 8) . 

4^ Fill six one litre beakers and place them under the multiple 

stirring apparatus. 
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5. 



Dose beakers 2-6 with varying dosages of the ahemioal selected^ 
covering the initial ranges listed in Table I. Beaker no. I 
is a control and receives no chemical. 





Table I 




Chem. 


Leal 


Dosage Ranges 
(mg/l) 


Common Name 


Chemical Formula 


Alum 


Al2(S01i)3 .lUHgO 


75 - 300 


Ferric Chloride 


FeCl3 


5 - 30* 


Lime 


Ca(0H)2 


75 - 300 


*as Fe*"*^ 







Add the selected chemical dosages to each beaker in succession 
while running th^ mixer at 100 rpm. It is important that the 
chemicals be added as rapidly as possible. Continue to operate 
at this high speed after the last chemical addition to provide 
the required fast mixing time. 

Adjust the mixer speed to slow mix in accordance with the procedure 
adopted in step I, and allow to run for the required slow mixing 
time. 

During the slou mix and subsequent settling period record the 
following visual observations (a sample laboratory data sheet and 
instructions are attached as Appendix C) : 
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- a oormtent on the time required for floacutation to take 
place. (stoWj fast^ eta, ) 

- ftoa size after ftocautation time, (emails medium, large) 

- floe settling aharaot eristics, (sIoq to fast) 

- supernatant quality, (turbid to clear) 

- volume of sludge produced* 

Analyze the well mixed raw sample and each of the jar supematantSj 
including the control sample, for total phosphorus and pB, 
Occasionally check soluble phosphorus, suspended solids and BOD 
on samplesj generally each of these additional analyses should not 
exceed 10 per cent of the number of total phosphorus analyses 
carried out. 

Repeat steps 2, to 8, ignoring Table J, using fresh samples of 
wastewater to narrow down the range of chemical dosages used. 
The rationale for choosing subsequent dosages involves attempting 
to bracket the range of removal efficiency or effluent quality 
required by selecting one dosage lower than the objective, one 
near the objective and one higher than the objective, (i.e. if 
the initial tests using alum, ferric chloride and lime showed 
phosphorus removals as listed in Table II, the indicated changes 
would be made in subsequent tests) At the present time the 
objective is either 80 per cent removal or I mg/l effluent 
total phosphorus depending upon the particular drainage basin 
basin into which the plant discharges. This has been discussed 
previously, 
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Table II 











Dosages to 








Total P in 


be used in 


Chemical 


Dosage 


Total P 
Removal 


Jar Supernatant 


Subsequent 
Tests 




(mg/l) 


(%) 


Cmg/1) 


(mg/1) 


Alum 


100 


h3 


2.5 






150 


70 


1.5 


150 




200 


85 


1.0 


200 




250 


95 


0.8 


250 




300 


98 


0.8 




Ferric 


5* 


78 


1.3 


k* 


Chloride 


10» 


89 


1.0 


7* 




15* 


95 


0.8 


10* 




20* 


97 


0.8 






25* 


98 


0.8 




Lime 


100 


30 


3.5 






150 


65 


1.7 






200 


73 


l.i* 


200 




250 


81* 


1.1 


250 




300 


87 


1.0 


300 


* As Fe+++ 











It is essential that the jar tests be ceirried out over €ui extended 

period of time, preferably of three weeks duration, in order that 

a vide and representative variety of sewage characteristics are encountered, 

Grab samples should be taken at different times of the day and on 

various days of the week. Once the range of chemical dosages has 

been established, do not alter these dosages unless the results show 

that you are consistently under-dosing or overdosing. In order to 

have sufficient data to draw meemingful conclusions, it is essential 

that a minimum of 10 data points are obtained at each chemical dosage 

on each waste stream being studied. Typical Jar testing runs to obtain 

the necessary data points \ising low, middle and high chemical dosages 

eu:e shown in Appendices A and B, 
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statistical plots of the data obtained are used to determine the relative 
chemical dosages. Although in full-scale operation the effectiveness 
of phosphorus removal is determined on the hasis of average plant 
operating results, for purposes of evaluating Jar test data, compajrable 
chemical dosages are obtained at the 80 per cent confidence level 
on probability curves. Sample probability cxirves sire attached as 
Appendix D. It should be noted that each curve represents a single 
chemical dosage into a particular waste streaon. Separate graphs would 
be used for each chemical on each waate stream. The data presented 
in Appendix D is for illustrative p\zrposes only and should not be 
taken to suggest that there is a standard correlation between per 
cent removal and effluent total phosphorus level. 

Data Analyses 

Rather than looking at the average total phosphorus renoval for each 

set of data, more meemingful information can be gained by plotting 

each set of 10 points on arithmetic probability paper. This can be 

done by arranging the data in numerical order of percentage total 

phosphorus removal from raw sample or supernatant (effluent) total 

phosphorus concentration. Then plot % total P removal or effluent 

total P concentration on the ordinate versus x on the abscissa 

n + 1 

whei*e n = total number of sampZee 

X = sample numherj e,g, J, 2, 3, 4j etc. 

When all data are thus plotted a direct comparison can be drawn between 

the various chemical dosages used. Use a separate graph for plotting the 

various removal results for each chemical on a particular waste stream. 
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Two significant aspects of these curves should be considered. 

1. The relative vertical position of the plot lines indicates the 
degree of effectiveness of the precipitant used at that given 
dosage. 

|. The elope of the plot line indicates the degree of certainty or 
reliability of the chemical in cuchieving the required results. 

From this analytical data, the relative economics of the various 

chemical processes for phosphorus removal can he determined on the 

basis of optimum dosage, delivered cost, and availability of the chemicals 

These data shoxild form part of the interim study report to be completed 
prior to initiating full-scale studies. 

Phase II - Full-scale Pilot Studies 
The results of the preliminary jar tests conducted as Phase I of the 
treatability studies for phosphorus removal vlll yield a conclusion 
as to the optimum chemlceQ to be used for phosphorus removal at the 
particular vastevater treatment plant. Full-scale studies can then 
be conducted using this prime coagulant to yield information in the 
following areas : 

confirm the ohemioal dosage 

optimize the point of application 

prove the suitability of plant hydraulics 
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-? prove that existing meohaniaal equipment will operate 

satisfactorily under the new service conditions 
- provide data on sludge characteristics 

indicate the actual final effluent quality that will be attained 
provide total annual operating costs related to phosphorus removal. 
In some special cases, full-scale studies may not be required or even 
warranted. Previous experience, accumulated technical information, and 
plant mechanical and process status could all comhine to make full-scale 
studies unnecessary. 

If full-scale tests are to be conducted, it is expected that the studies 
vould be of approximately six weeks duration for a primary treatment plant. 
For a secondeuT wastewater treatment plant, eight weeks of full-scale 
operation should yield the required information. Such a study would only 
involve chemical addition into the waste stream indicated most promising by 
the jar tests, assuming that addition at this point yielded satisfactory 
results. Subsequent work in altering the point of application to reduce 
chemical dosage can be conducted after the full-scsQe facility is on stream 
permanently. 

An eissessment of digester operation during these studies is not considered 
essential. Flexibility in design of permanent facilities is obviously 
required. 

Under certain circumstances an extended study beyond the time periods 
previously outlined may be required. The presence of a significant 
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industrial waste load, e.g. cannery wastes, could necessitate more 
extensive studies both in the Jar testing and full-scale pilot work. 

The prime objective of the full-scale temporary phosphorus removal 
studies is to demonstrate the feasibility of effecting phosphorus 
removal at a particular Installation without necessitating extensive 
plant modifications or additions. Some of the mechanical plant aspects 
that may be affected by phosphorus removal are: 

raw sludge aolleotion and handling oapability 

reticm sludge pumping capacity 

digester heat exahange capacity. 

Essentially the full-scale studies should demonstrate that phosphorus 
removal, using the prime coagulant indicated by the Jar tests, is 
compatible with the existing wastewater treatment processes. While 
effecting phosphorus removal is the prime objective, the study should 
not be carried out in a manner which might lead to a deterioration 
in plant effluent quality. 

In order to assess plant performance during the study period, an appreciable 
sampling and analytical work load will result. Under routine conditions 
it is expected that composite san^ling of liquid sewage streams will 
be conducted a maximum of three times per week. These samples would 
be analyzed for total phosphorus, soluble phosphorus, BOD, pH, and 
suspended solids. Grab samples of various sludge streams will be 
taken several times a week. Expenditures eligible for reimbursement 
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are only those covering analytical work conducted in addition to normal 
plant operational analyses. 

During a secondary treatment plant study, it is expected that approximately 
130 man-hours of laboratory services vould be required to handle the 
necessary analyses; for a primary plant, the manpower requirements 
for laboratory analyses are estimated at 90 man-hours. 

The normal in-plant monitoring required for plant operation should 
be sufficient to yield the necessary information on the effects of 
implementing phosphorus removal at the existing wastewater treatment 
plant. However, if normal in-plant tests are minimal, it is suggested 
that the following observations be conducted during the study: sludge 
levels in clarifiers, dissolved oxygen concentrations in aeration 
tanks, sludge volume index values, and return sludge rates. 

A previous outline entitled, "Guidelines for Initiating Treatability 

Studies for Phosphorus Removal" contained applications and instructions 

for rebate of treatability study costs. It was pointed out that treatability 

study equipment purchased specifically for such a study would revert 

to the Crown if reimbursement for such material was made. In this 

regard, it is advisable for the operating authority to directly purchase 

such items as chemical storage tanks and feed pun5)s suitably sized 

for use in the permanent faxiilities; such equipment could then be 

Incorporated into the permanent treatment facility as part of the 

regular capital costs. Where lime is selected as the prime coagulant 
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the Ministry will provide, on loan, a package lime feed system for 
the duration of the full-scale study. Although the use of temporary 
"swimming pool" type storage tanks is an expedient measure, they have 
proven unreliable, resulting in uncontrolled spills and the loss of 
large volumes of chemical. 

The manpower costs, exclusive of analytical work, associated with 
the fLai-scale studies will arise from three major areas: 

initial plant inspection and equipment set-up, 
teahnioat support for the duration of the study, 
sampling and on-site analyses conducted during the study. 

During these studies, technical assistance is available, if required, 
from the Ministry of the Environment. Research Branch. Having conducted 
many full-scale phosphorus removal studies, staff can provide information 
both during initial plant set-up and in assessing operating problems 
that may occur during the study. In any case, if operating problems 
are encountered during a phosphorus removal study, it is essential 
that the Phosphorus Programme Co-Ordinator be made aware of the nature 
of these difficulties. Such contact should ensure that proper operating 
conditions are being effected during these studies. 

The final treatability study report should document the full-scale 
studies and contain appropriate recommendations to implement phosphorus 
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removal on a permanent "basis without deterioration in existing plant 
processes. The report must include total annual operating cost estimates 
for phosphorus removal and the appropriate cost breakdown. 



Contributions from the Reeearch^ Projeot Operations and Sanitary 
Engineering Branches are gratefully acknowledged. 
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SAMPLE 
RUN N.° 


1. 


s. 


2. 


32 


3- 


S3 


4. 


S4 


5. 


S5 


6. 


Se 


7. 


Sr 


8. 


Sa 


9 


S9 
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S.o 


1 I 


s,, 


12. 


S,2 


13, 


S,3 


14. 


S,4 


15 


S,5 


16. 


S,6 


17 


S,7 


18. 


S,8 



APPENDIX A 
PHOSPHORUS REMOVAL PROGRAM - JAR TESTING PROCEDURES 



H H H bl N ^ 

N N N N y N 

N y N y W N 

N y N y y y 

^ y y [1^ y [s^ 

y y ^ [^J y ^ 

[cj y y [l^ y ^ 

[cej y y y y y 

y y y y y y 

y y y y y y 

y y y y y yj 

y y y y y y 

y y y y y y 

y y y y y y 

y y y y y y 

y y y y y y 

y y y y y y 

y y y y y y 



note: This series would be used in assessinc 
^aw sewage at a plant where there are"^ 
primary clarifiers. 

This is a typical series of jar testing 
runs considering all three chemicals with low, 
middle and high dosages of each chem.ical. 
Note that this series utilizes 18 different 
grab samples of the waste stream and produces 
10 results for each chemical dosage. This 
number will take into account variations in 
the waste stream and provide minimum data for 
statistical plots. 

The symbols designate the following: 

S = waste stream sample with no chemical 
added 

(for Immediate analyses of unset tied 
sample) 
C = control sample with no chemical added 

(for analyses on supernatant after jar test) 
A= low alum dosage 

A = middle al um dosage 

A„= high alum dosage 

F= low ferric chloride dosage 

F = middle ferric chloride dosage 

Fj^= high ferric chloride dosage 

L-= low lime dosage 

L-.= middle lime dosage 

L= high lime dosage 



APPENDIX B 
PHOSPHORUS REMOVAL PROGRAM - JAR TESTING PROCEDURES 
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Note : This seriec would he use d in asses sing 

a) un chlorinated final effluent at all 
biological treatment plants ; 

b) raw sewage at plants vhere there are 
no primary atari fiers ; 

o) raw sewage at aerated and conventional 
waste stabilization ponds (continuous 
discharge facilities) . 

This is a typical series of jar testing 
runs considering only alum and ferric chloride 
with low, middle and high dosages of each 
chemical. This series utilizes 12 different 
grab samples of the waste stream and produces 
10 results for each chemical dosage. This 
number will take into account variations in 
the waste stream and provide minimum data for 
statistical plots. 

S = V7aste stream sample with no chemical added 

(for immediate analyses of unsettled sample) 

C = control sample with no chemical added 

(for analyses of supernatant after jar test) 

A-. = low alum dosage 

^■^~ middle alum dosage 

A^= high alum dosage 

F= low ferric chloride dosage 

F„= middle ferric chloride dosage 

F = high ferric chloride dosage 



APPENDIX C 
IHSTRUCTIQN5 FOR USING THE LABORATORY DATA SHEETS 

The primary purpose of this form is to provide a worksheet for both the Jar 
tests and the subsequent phosphorus analyses. It can also be used for 
reporting the results of the jeir tests. 



Concentrations of the stock solutions used should be recorded (e.g. 
Alum 50 gm/l). Note that 1 gm per litre = 1 mg per ml so that calculation 
of the amount of stock chemical to be used for a given dosage is minimal. 
For instance, using alum at 50 gm/l, for a dosage of 150 mg/1 would 
be 150/50 = 3 ml per litre of sewage. 

Mixing times will normally be the standard 100 rpm rapid mix for 5 
minutes, 20 - 30 rpm slow mix for 15 minutes and 30 minute settling 
time. There may arise in the future, the need to change these times, 
therefore a record must be kept to distinguish the two sets of results. 
Provision has been made on the form to record the time each of these 
Jar testing stages was started if no interval timer Is available. 

JAR TESTS 

The first three rows, "CHS^ICALCs) USED", "DOSAGE", and "ml of chemicals 

used" can be filled in prior to the start of the Jar tests. The line 

"ml of chemicals used" Is provided so that the volumes of chemical 

required can be determined and noted prior to commencement of the 

Jar test. 
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The time of appearance of a floe after start of the slow mix (flocculation) 
stage will "be helpful in plants where flocculation facilities are 
limited. 

The floe size should be recorded after the mixer is stopped (i.e., at 
commencement of the half hour settling period). Since no physical 
measurement of floe size will be taken, the terms are somewhat subjective 
and relative. The sizes, however, should be described in standard terms - 
ie: very large - the floe being large masses 

large - 

medium - 

small - 

no floe - a condition that might be found in tests on final effluent. 

Settling rates will also be described in relative terms - 
ie: Very rapid - all floe collects immediately on the bottom of 

the beaker when the mixer is stopped 
Rapid - floe settles within several minutes of the mixer 

being stopped 
Medium - floe take no more than 10 minutes to settle 
Slow - requires most of settling time 
Nil - no discemable settling 

Turbidity will be described in relative terms; the effect of colour, if any, 
should be disregarded. The terms used should be - 
ie: Very turbid - difficult (or impossible) to see through beaker 

under normal room light 
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Turbid - large shapes discemable through beaker 
Hazy 

Slightly Hazy -newspaper can be read through beaker 
Clear - like drinking vater 

The colour of the supernatant liquid should be recorded, not the colour 
of the sludge. 

pH measurements since they take little time, should be done on all 
six beakers. It will be necessary to record the temperature of only 
one of the beakers. 

Soluble phosphorus analyses should be performed on-site to eliminate the 
possibility of post-precipitation. 

Reduction in concentration of soluble phosphorus Is based on the soluble 
phosphorus content of the control; 

i.e., % reduction = control-dosed sample x lOOyJ 

control 

Reduction of total phosphorus is based on the original sample; 

l.e, % reduction = original-dosed sample x 100!? 

original 

Provision has been made on the form to record suspended solids and BOD. 

Only a few of these need to be done (i.e., one or two for each chemical 

dosage on each waste stream being assessed). 
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PLANT 



SAMPLE DESCRIPTION 

REAGENTS USED CONCENTRATION 

^. ,. ^- .^ .- ^.,,, gm/i 

.V. gm/l 

gm/i 



LABORATORY DATA SHEET 
JAR TESTS - PHOSPHORUS REMOVAL 

DATE SAMPLED 

TIME SAMPLED 



RAPID MIX at rp m for minutw- Time sfarted 

SLOW MIX at rpmfor minutes. Time started...,, 

SETTLING before onalysit for . . minutes. Time itarted 



RUN NUMBER 


S 


c 


2rd JAR 


3rd JAR 


4th JAR 


6lh JAR 


6lh JAR 


to 

LU 

< 
-> 


CHEMICAUs) USED 

(.n order of adij'fiOfi for ? of rmtrr. 


ORIGINAL SAMPLE 


CONTROL 












DOSAGE in mg/l 




■ ■ ■ 












ml of chemica( used 
















APPEARANCE of FLOC 
















Floe Size ofrer slow mix 
















Settling rate 
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APPENDIX D 
PROBABILITY CURVES FOR VARIOUS CHEMICAL DOSAGES 
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PHOSPHORUS REMOVAL 
BY CHEMICAL ADDITION 
USING PRIMARY TREATMENT 



ALAN WILKES, 

JAMES F, MACLAREN LIMITED MAY 1973 



PHOSPHORUS REMOVAL BY CHEMICAL ADDITION 



USING PRIMARY TREATMENT 



1. INTRODUCTION 



Phosphorus removal by chemical addition ahead of primary clar- 
ification has been studied extensively in North America and 
has been shown to be a viable technique for controlling phos- 
phorus discharges at sewage treatment plants. 

For the purposes of this presentation, primary treatment for 
phosphorus removal will be defined in terms of the point of 
addition of chemical, i.e. upstream of the primary clarifiers 
Thus, this discussion, while making reference to phosphorus 
removal at primary plants will not be limited to that type 
of treatment plant. 

Phosphorus removal may be considered to be a transfer of both 
suspended and soluble forms of phosphorus originally present 
in raw sewage from that sewage to the sludges formed in the 
primary clarifiers. This transfer is effected by chemical 
addition which precipitates soluble phosphorus, coagulates 
suspended solids and incorporates the phosphorus-rich solids 
into the primary sludge. The primary effluent flowing from 
the clarifier is thus relatively low in phosphorus, 

2. TYPES OF PHOSPHORUS COMPOUNDS PRESENT IN SEWAGE 

When adding chemical to raw sewage for the purpose of phos- 
phorus removal we are dealing with the forms of phosphorus 
as they originally enter the plant and we have little or 
no control at present over the types and quantities appear- 
ing. It is appropriate at this point therefore to review the 
major types of phosphorus compounds appearing in raw sewage. 
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The total phosphorus content of incoming sewage is in the 
order of 7 to 10 mg/1 expressed as phosphorus, based on daily 
composite samples. In nutrient removal studies, in addition 
to considering total phosphorus values, attention is also 
paid to one major species of soluble phosphorus , i.e. ortho- 
phosphorus compounds. It should be pointed out that the 
ortho-phosphates are not the only soluble phosphate compounds 
present, as will be discussed later. 

2. 1 Ortho-Phosphates 

Four species of ortho-phosphates may exist in equilibrium 
with each other , the distribution of concentrations of the 
species being dependent upon the pH value of the solution 
or sewage under consideration. 

Figure 1 shows the type of distribution that occurs; for 
simplicity , other soluble phosphates , e.g. pyro- and tri- 
polyphosphates , have been omitted. 



In the highly acid range (i.e. pH of 2.2 and less) which is 
beyond the range of this Figure, phosphoric acid, H-PO. is 
predominant. 

In the pH range 2.2 to 7.2, still on the acid side, sub- 
stantial concentrations of dihydrogen phosphate ion, H^POt 
appears. This is a monovalent ion. 

As the pH value increases to the alkaline side, the divalent 
ion, mono-hydrogen phosphate predominates. The formula for 
this ion is HPO. 

As the pH approaches 12, the trivalent ion P0.~ ~, the phos- 
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EQUILIBRIUM DISTRIBUTION OF DISSOLVED PHOSPHATE IONS 



FIG. 



phate ion, appears in significant concentrations. 

2 . 2 Polyphosphates 

These are also present in raw sewage. Examples of these are: 

a) Ring type compounds , such as sodium trimetaphosphate , 

Na3(P03)3 

b) Chain compounds such as sodium polymetaphosphate , 

(Na PO-,)^^ 

c) Sodium pyrophosphate Na.P-O^ 

d) Sodium tripolyphosphate Naj-P^O,. 

These polyphosphates hydrolize slowly to form ortho-phosphates 
of the type previously discussed. This hydrolysis occurs 
to some extent in the aeration sections of an activated sludge 
plant, causing an increase in ortho phosphate levels as the 
sewage passes through a secondary treatment plant. 

2. 3 Organic Phosphates 

Amongst the organic phosphates which occur are esters, anhy- 
drides and phosphagens. 

3. MECHANISM OF PHOSPHORUS REMOVAL 

3. 1 Introduction 

Chemical addition to raw sewage effects phosphorus removal by 
chemical or physical/chemical mechanisms only. This is in 
contrast to phosphorus removal by chemical dosing at the out- 
let of aeration tanks where biological removal has taken place 
to some extent /prior to chemical addition. 
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The mechanisms involved in removal of phosphorus from sewage 
streams are : precipitation and adsorption of various phos- 
phate species, flocculation of suspended solids, including 
newly formed phosphorus precipitates, followed by settling 
of solids to yield a supernatant of low phosphorus content. 

3. 2 Precipitation of Phosphorus Compounds 

With alum and ferric chloride it is generally assumed that 
the trivalent cations react with the trivalent phosphate ion 
to form the compounds ^IPO. or FePO.. It should be noted, 
however, that the chemistry of phosphates is somewhat more 
complex and this really represents an over-simplification 
of the situation. 

Organic and polyphosphate compounds are also removed by a 
combination of more complex precipitation reactions, and 
adsorption onto floe particles. 

The mechanism associated with phosphorus removal by lime addi- 
tion is different from the mechanism of alum and ferric 
chloride precipitations . 

The formation of insoluble phosphorus compounds with lime is a 
pH dependent reaction. As the pH is raised, a compound known 
as calcium hydroxyapatite is precipitated. This has a vari- 
able composition but it is generally regarded to be of the 
form Ca^OH (PO^)^. 

A review of the literature reveals various estimates for the 
pH required to effect phosphorus removal by lime addition, 
A minimum value of 9 has been recommended and values of 11 
and higher have been cited. 
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Referring to Ministry of the Environment studies at the 
Newmarket Water Pollution Control Centre, it was reported in 
May 197 2 that during this study the average pH of the primary 
effluent was 9.6 providing orthophosphate reductions from 6.7 
in the raw sewage to 1.2 in the primary effluent. 

Referring back to precipitation with alum and ferric chloride 
now that the influence of pH on phosphate precipitation has 
been introduced, it has been reported that precipitation with 
these metal salts is pH dependent, although not to the extent 
of the lime process. The minimum solubility of aluminum 
phosphate occurs at pH 6 giving an optimum range of pH for 
precipitation of 5.5 - 6.5. Optimum precipitation with 
ferric salts occurs at pH 4.5 - 5.0. 

It is unlikely that either of these ranges will obtain in 
common waste waters as a general rule, and satisfactory 
removal of phosphorus can , of course , be achieved at higher 
pH levels near neutrality, as demonstrated by current treat- 
ability studies. 

3. 3 Competing Chemical Reactions 

An essential difference between waste treatment by chemical 
addition and a process used in the chemical process industries 
for the production of a specific product is that the latter 
usually operates with reasonably pure reactants of uniform 
or predictable quality. This provides for good process con- 
trol, and products of predictable composition and quantity, 

Sewage as a reactant is neither simple, uniform nor predict- 
able in its composition, and contains numerous constituents 
in varying quantities, over which one has no control. It is 
not surprising, therefore, that when treating a waste water 
chemically, for the removal of phosphorus, in addition to 
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the desired reaction (i.e. removal of phosphorus) , side re- 
action originating from constituents other than phosphorus 
occur. 

3,3.1 Alum and Ferric Chloride 

Considering first alum and ferric chloride treatment, these 
chemicals react with bicarbonate alkalinity producing either 
aluminum or ferric hydroxide, whilst evolving carbon dioxide. 

Thus, with alum: 

Al2(S0^)^-14 H^O + 6HC0^ — ^2 AKOH)^ + 6CO2 + 14 H^O + SSO.^ 

Although it would appear that such side reactions detract from 
the effectiveness of phosphorus removal by consuming excess 
chemical, it is pointed out that the hydroxides are gelatinous 
in nature and their presence aids in solids capture, floe 
formation and settling of the solids from the sewage. In this 
respect, therefore, they enhance the second mechanism upon 
which effective phosphorus removal is dependent, i.e., the 
separation of the phosphorus-rich solids from the waste. 

In addition, freshly precipitated aluminum and ferric hydroxides 
have the ability to take up phosphate anions from waste water, 
which further contributes to the overall phosphorus removal 
process. 

The simplified precipitation model involving aluminum or ferric 
phosphate formation would require one mole of cation per mole 
of phosphorus to be precipitated. The competing reactions 
serve to increase the chemical demand of waste water over and 
above what is theoretically required for phosphorus precipita- 
tion. 



-6- 



Work has been done to determine the ratio of cation dose to 
phosphorus content of the waste required to achieve a given 
degree of phosphorus removal. 

Alum manufacturers have published data from research studies 
indicating that most practical applications require aluminum 
ion to phosphorus ratios of 1.5:1 to 2.0:1 for adequate remov- 
als, as compared to the stochiometric requirement of 0.87:1. 
In view of the variability of waste composition from plant to 
plant and the complex nature of phosphate chemistry f such ratios 
should be regarded as empirical, to be established for each 
treatment plant under consideration. 

3.3.2 Lime 

when removing phosphorus by lime treatment at least two other 
reactions may occur between the lime and waste water consti- 
tuents : 

a) the removal of calcium bicarbonate hardness to 
precipitate calcium carbonate according to the 
equation : 

Ca(0H)2 + Ca(HC02)2 ^ 2 CaCO^ + 2 H^O 

b) the reaction of lime with carbon dioxide present in 
the waste water to precipitate calcium carbonate, 
according to the equation : 

Ca(OH) + CO2 > CaCO^ + H2O 

The result of these two reactions is the formation of calcium 
carbonate precipitates. These reactions increase the lime 
demand for elevation of pH. Benefits from the formation of 
calcium carbonate, however, are as follows: 

a) the calcium carbonate acts as a weighting agent 

in the primary sludges, providing better settling 



and solids consolidation. 

b) adsorption of polyphosphate anions on to the cal- 
cium carbonate enhances overall phosphorus removal. 

3. 4 Flocculation of Solids After Precipitation 

Ideally speaking, to gain maximum benefit from chemical addi- 
tion for phosphorus removal, the precipitated phosphorus com- 
pounds, together with suspended solids originally present in 
the influent sewage should be flocculated by a period of 
gentle agitation of the chemically treated waste. The fol- 
lowing processes would then occur: 

a) formation of large floes with better settling 
characteristics; 

b) capture and incorporation into the floes of fine 
particles not readily settled in normal plant 
operation; 

c) adsorption of various phosphate compounds onto floe 
surfaces. 

Flocculation may be achieved either by the inorganic chemicals 
already added for phosphorus removal, or by the addition of 
organic flocculating agents or polymers. 

The former mechanisms have been discussed under the section 
on "Competing Chemical Reactions". 

Flocculation by organic polymers is an effective supplement to 
phosphorus removal by chemical addition, particularly at prim- 
ary plants. These flocculants have the following character- 
istics. 

a) they are long chain, high molecular weight organic 
polymers (e.g. polyacrylamides) ; 
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b) they possess positive, negative or zero electrical 
charge, (Cationic , anionic and non-ionic 
polymers, respectively) . 

When used for coagulation of sewage they have been found effec- 
tive in concentrations up to 0.5 ppm: some polymers operate 
satisfactorily at lower concentrations. 

The flocculants effect agglomeration of suspended solids 
through a combination of the following mechanisms : 

a) neutralization of the electrical repulsive forces 
surrounding the suspended particles, (The need 
for bench scale testing to determine a suitable 
polymer is thus obvious. ) 

b) adsorption of the long chain polymers onto the 
particle surfaces, followed by bridging between 
adjacent particles by the polymer chains. This 
mechanism leads to floe formation. These floes, 
if moved gently around the bulk of the waste, then 
contribute further to clarification by capturing 
fine particles in suspension. 

4. PRACTICAL CONSIDERATIONS AND EXPERIENCE 

4 . 1 Introduction 

For the precipitation/f locculation process, literature indi- 
cates that rapid mixing of waste and chemical, followed by 
a reaction time of at least five minutes should be provided 
for effective precipitation. A further period of 5 to 20 
minutes of gentle agitation is then required to properly 
flocculate the sewage. The flocculated waste should then be 
delivered with a minimum of turbulence into the primary 
clarifiers, to minimize floe break-up. 
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The foregoing is an idealized process. Generally speaking, 
we have not been in a position to rebuild inlet works of 
plants to comply with these ideal requirements. 

In keeping with the Government's policy to implement the 
nutrient removal programme at all plants in the affected 
area at a minimum cost , it is necessary to utilize that 
portion of the plant's exisitng inlet works which appears 
suitable for contact of chemical and sewage. 

4. 2 Point of Addition of Chemical 

It is obvious that an area of high turbulence is required. 
This may be provided by the following: 

a) aerated grit tanks 

b) preaeration tanks 

c) Par shall flumes 

d) comminutors 

e) raw sewage lift pumps 

The particular addition points chosen are probably as 
numerous as the plants studied. However, to illustrate 
what is possible the following examples are mentioned: 

Studies with ferric chloride at the Sarnia Primary Treatment 
Plant indicated that precipitant added anywhere along the 
preaeration tanks provided adequate phosphorus removal. 

The City of Windsor, when studying phosphorus removal at 
the West Windsor Primary Treatment Plant, tried three points 
of addition; namely, the channel prior to the grit removal 
tank, the inlet channel to the raw well from which the 
sewage is pumped to the grit removal tanks, and finally, 
chemical was injected directly into the suction of the 
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sewage pumps lifting the waste from the wet well to the 
grit removal tanks. It was concluded that the most efficient 
phosphorus removal was achieved when the chemical was added 
on the suction side of the raw sewage pumps. 

At the City of St. Thomas Secondary Sewage Treatment Plant,, 
chemical was added to the sewage immediately upstream of 
the coarse screens and mixed in the aerated grit tank. Phos- 
phorus removal across the plant as a whole was highly effec- 
tive and orthophosphate analyses on raw sewage flowing from 
the grit chamber to the primary clarifiers indicated highly 
effective precipitation of orthophosphate compounds. 

This discussion of points of addition of chemicals leads 
quite naturally into what, from an engineering point of 
view, may be regarded as an advantage of phosphorus removal 
by primary treatment. 

Quite often as sewage plants undergo various phases of ex- 
pansion, the aeration and settling tanks assume locations 
which may be scattered over a relatively large area within 
the plant boundaries. Phosphorus removal by chemical addi- 
tion to the outlet of the aeration tanks would thus necessi- 
tate several points of addition, one for each subsection of 
the plant. 

To complicate matters, there are instances where the flows 
through particular parts of the plant are not monitored by 
instrumentation. The provision of pacing signals for con- 
trol loops which are individual to each aeration section would 
necessitate installing new instrumentation. 

In such plant, however, the raw sewage normally flows through 
a common inlet works and further, either the total influent 
flow or the total effluent flow is measured. In this instance 
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therefore, the implementation of phosphorus removal by primary 
treatment would be facilitated for two reasons: 

a) a single point of addition somewhere in the common inlet 
works is available, rather than multiple points of addi- 
tion at each aeration section, as would be the case with 
secondary treatment, and 

b) the chemical flow may be controlled by an output signal 
originating from the influent or effluent plant flow 
instrumentation, normally present. 

The foregoing is not to be interpreted to mean that in 
fragmented plants , primary treatment should be considered in 
all cases. Indeed, it has been our experience that in at 
least one major plant the total influent sewage flow is 
arrived at by summing the flows through each of five aeration 
sections, each one being supplied with either Parshall 
flume or magnetic flow measurement. 

These ODmments are offered as food for thought during the con- 
templation of design of chemical addition equipment. 

4 . 3 Methods of Chemical Addition 

Lime is normally added as a 20-25% slurry into the area of 
high turbulence. Package units with capability for lime 
storage, slurry preparation and metering are now available. 

There are several variations which have been tried when add- 
ing ferric chloride or alum to the raw sewage flows. The 
simplest method of addition is direct injection of the un- 
diluted liquid into the sewage flow. Alternatively, if it is 
considered that the configuration of the inlet works does 
not provide adequate dispersal and mixing time, it is possible 
to provide dilution of the chemical with water prior to its 
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introduction into the sewage flow to effect more efficient 
distribution of chemical in the waste. 

It is also possible to install a launder, say, across the 
width of a channel, the launder being equipped with *V' not- 
ches or down-spouts to ensure good distribution of chemicals 
across the width of the channel , 

When the "as delivered" chemical (50% solution for alum, 
40% for ferric chloride) is diluted prior to injection into 
the sewage stream, it is suggested that the use of effluent 
for dilution be avoided. The impurities in the effluent may 
react with the chemical precipitant prematurely, thus leaving 
less of the active constituents available for phosphorus re- 
moval from the sewage flows, 

4. 4 Chemical Dosages Used 

The following ranges of dosages may be considered representa- 
tive of primary treatment requirements: 

Lime 150 - 300 ppm as Ca (OH)^ 

Ferric salts 15 - 35 ppm as Fe 

Alum 75 - 250 ppm as aluminum sulphate 

4.5 Settling Considerations - Removal of B.O.D. and 
Suspended Solids 

Primary effluent quality will be dependent upon incoming 
B.O.D. and suspended solids load to the plant, for a given 
clarifier hydraulic loading and chemical addition rate. 

2 

At hydraulic loadings of 500 gals/ft /day, suspended solids 

and B.O.D. levels in primary effluent of 55 - 65 mg/1 may 
be expected. 
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Effluents from primary clarifiers designed at loading rates 

2 
of 1000 gals/ft. /day may contain up to 100 mg/1 of each 

constituent. 



Ministry of the Environment research studies have concluded 
that conventional clarifier loadings should be used for 
alum and ferric floes, whereas lime floes may be settled 
at higher hydraulic loadings up to 1000 gals/ft /hr. 

Lime addition at the Newmarket Water Pollution Control Plant 
improved primary clarifier performance to the extent that 
one of the three aeration sections was taken out of service - 
adequate secondary treatment being available from two units. 
With decreased loadings to aeration sections, economies may 
be expected from reduced air requirements and improved sludge 
f ilterability due to the reduction in waste activated sludge 
synthesis. In addition, careful consideration may be given 
to reduced investment in aeration capacity at the design 
stage of future plant expansions. 

Primary treatment plants have operated with a combination of 

chemical and polymer and have reported improved B.O.D, and 

suspended solids removal with the initiation of chemical 
treatment. 

Using alum and polymer, the West Windsor Primary Treatment 
Plant achieved 72 per cent B.O.D. removals, compared to 23 
per cent without chemicals. Suspended solids removals in- 
creased from 37 per cent to 91 per cent. 

Similarly, the Sarnia Water Pollution Control Plant achieved 
higher degrees of removals with ferric chloride and polymer, 
up to 86 per cent removal of suspended solids was noted, as 
compared to 70 per cent without chemical. B.O.D. removals 
with chemical and polymer increased to 66 per cent from 38 
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per cent. 

We thus see an additional benefit of phosphorus removal in 
that the pollutant load, in terms of B.O.D and suspended 
solids imposed on the receiving body, is reduced, in the case 
of a primary plant. 

It is apparent that the retention of these additional solids 
in the plant, rather than allowing them into the receiving 
stream, creates additional sludge which must be processed. 

While one may look for improved primary settling with the imp- 
lementation of phosphorus removal, such improvements are not 
essential to phosphorus removal at a secondary plant using 
chemical treatment of raw sewage. 

To illustrate this point, during a phosphorus removal study 
at a secondary plant, primary clarifiers became so loaded 
with sludge that primary clarification was virtually non- 
existent. At times the primary effluent approximated the 
composition of incoming sewage in terms of suspended solids 
and biochemical oxygen demand. Despite this highly ineffic- 
ient primary clarification, overall phosphorus removal across 
the plant was excellent, the reason being that what will be 
called the aluminum phosphate floe carried over into the 
aeration tanks was effectively settled in the final clari- 
fiers. 

This is, naturally, not to be construed as a satisfactory 
method of operating a sewage treatment plant and, of course, 
the situation was rectified as soon as possible to provide 
something more like a secondary treatment plant and less like 
a total oxidation plant. However, it does indicate that with- 
in the overall limits of a secondary plant to handle solids, 
inefficient primary settling resulting in carry-over of 
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total phosphorus values from primary to aeration sections does 
not have a detrimental effect on phosphorus removal across the 
plant as a whole, when alum and presumably ferric chloride are 
used. 

When using lime in primary treatment some concern exists 
that phosphate precipitates formed at high pH values in the 
primary clarifiers will redissolve and release phosphorus when 
carried over into the aeration sections which are operating 
at a neutral pH value. 

On the other hand , however , it has been reported that soluble 
phosphates in supernatant from an anaerobic digester process- 
ing sludges derived from lime have been low, i.e. in the range 
of 4 mg/1 ortho-phosphorus. This digester was operating 
near the neutral point and therefore this observation would 
tend to contradict in some measure the thesis of redissolu- 
tion of precipitated phosphorus at neutral pH values. 

Recent discussions with the Ministry's Research Branch indi- 
cate that lime floe carry-over into the aeration sections is 
detrimental to the overall phosphorus removal process to the 
extent that the 1 mg/1 residual phosphorus requirement 
may not be possible with lime addition to raw sewage. 

In concluding this section a brief note on the effect of 
high primary effluent pH on aeration section performance 
is appropriate . 

It has been found that at the effluent pH's noted in Ministry 
studies, the carbon dioxide evolved during biological activ- 
ity has been adequate to promptly neutralize the alkaline pH. 

When using lime addition, the potential for aeration section 
failure appears directly proportional to the reliability of 
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of the lime metering equipment and its "fail-safe" ability to 
avoid excessive lime dosages to the system. This is obviously 
not to be interpreted as a criticism of presently available 
lime feeder units, but as a precautionary note to anyone in- 
volved in the installation of facilities for lime feeding. 

Over the past eighteen months to two years, the bulk of data 
on phosphorus removal has been developed using only one point 
of addition, that point being determined by jar tests. 

In view of the variation in sewage flows and plant operation 
throughout a given year, the point of addition (i.e. primary 
or secondary) and indeed, the chemical which is best suited 
for a particular plant may only be chosen after prolonged 
periods of operation using the available combinations of 
chemical and point of addition. For this reason the various 
processes for phosphorus removal as determined by the present 
series of nutrient removal studies, although providing a 
viable means of phosphorus removal, may not provide the 
optimum scheme for a particular plant. It is therefore the 
responsibility of designers of phosphorus removal facilities 
to ensure that the plant under consideration is provided with 
the maximum degree of flexibility in order that plant opera- 
tors may, if they so desire, study on an extended basis the 
various options open to them for phosphorus removal by chemical 
addition. 
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PHOSPHORUS REMOVAL DESIGN SEMINAR 
SESSION 3 

CHEMICAL PRECIPITATION FOR BIOLOGICAL AND 
POSTBIOLOGICAL TREATMENT 

By J . D . Norman , Ph . D . 

Pollutech Pollution Advisory Services 

Limited, 



The information presented in these notes is based on 
observations of chemical precipitation at full-scale treatment 
plants in several plants in Ontario. Comments are made on some 
of the factors affecting performance of chemical precipitation 
processes and the effect or lack of effect of several variables 
that were tested under full-scale conditions. In some cases, 
these data can be regarded as an inference only, due to the 
limited programs of testing, therefore positive conclusions 
should not be generalized. 



CHOICE OF CHEMICAL 

The choice of chemical used for full-scale testing 
for the Ontario problem is determined on the basis of cost 
projections developed from the jar testing procedure. Normal- 
ly, only one chemical is evaluated, for an eight-week period, 
at each treatment plant, in full-scale tests. 

However, we have observed in all cases that the 
full-scale tests required less chemical than the jar test 
predictions. Therefore, it may be that the economic evaluation 
to determine the choice of chemical could prove different if 
the economic evaluation was conducted on a plant scale. 



POINT OF APPLICATION 

While theoretically there is some choice in the 
point at which chemical is applied to the treatment plant, 
in actual fact, this is usually limited by the physical and 
mechanical features of existing treatment plants. For the 
most part, limitations and flexibility in the original design 
of the biological treatment plant has severely restricted the 
extent to which the point of chemical application could be 
varied. 

For maximum effectiveness of chemical precipitation, 
theoretical considerations would indicate that the chemical 
should be well dispersed with the mixed liquor and permitted 
to settle under quiescent conditions in the final clarifier. 
In normal circumstances of chemical treatment, the rapid mix 
period varies from several seconds to a fewminutes. There are 
some treatment plants in which there is a pipe or trough 
between the aeration tank and the final clarifier in which 
there is sufficient turbulence to provide the desired mixing. 
When there is no such turbulence, little choice remains but 
to provide the mixing in the aeration tank, preferably at a 
point near the output end. 

While it may appear that the aeration tank itself 
on the whole would be a very good mixer, onft problem immedi- 
ately comes to light. 

- The holding time is extremely long and therefore no 

advantage is gained by floe formation due to the extreme 
turbulence in the tank and since only a few seconds 
are required for dispersal. 



For the case of pickle liquor, where it requires 
oxidization in order to provide iron in the trivalent form, it 
is logical to use the aeration tank as an oxidizer. In one 
application with which we were involved, we chemically oxidized 
the pickle liquor in the laboratory in order to obtain predic- 
tions and in the field tests obtained comparable results when 
the pickle liquor was oxidized in the aeration tank. 



RATE OF CHEMICAL APPLICATION 

The initial selection of a chemical dosage rate is 
based on the results of the jar test predictions, 

- Usually, this dosage rate turns out to be conserva- 

tive and can be cut back after a short period of time as 
the plant comes to equilibrium. 

The effect of chemical dosage on effluent quality 
is not clearcut and not a topic on which a generalized 
statement can be made, but generally a measurable improve- 
ment in overall performance is observed. 

In the long term, obviously the higher the dosing 
rate the lower the Phosphorus residual (to a given limit) 
but in the short term, fluctuations in dosing rate have 
little effect on Phosphorus residual. 



VARIABLES AFFECTING CHEMICAL DOSAGE 

In an attempt to gain an understanding of why some 
anomalies occurred during chemical prr-cipitation of biological 
treatment plant effluents, several test programs were carried 
out in order to determine whether any correlations could be 
found between chemical parameters in waste water and the amount 
of alum to achieve a 1 ppm phosphorus residual in secondary 
effluent. 

FIGURE I shows that there is no correlation between 
the pH of the wastewater before chemical addition and the 
chemical dosage . 

Furthermore, no correlations could be found between 
such wastewater parameters as alkalinity, hardness, tur- 
bidity, or conductivity .(FIGURES II, III, IV and V). 



CONTROL OF CHEMICAL FEED 

The results shown on FIGURES I to V , above, 
indicate that: 

— Parameters which are easy to measure were not shown 
to bear any relation to chemical dosage requirements or 
to effluent phosphorus criteria. Therefore , the use of 
these parameters to control chemical dosage does not ap- 
pear encouraging. 

Further, it has been our experience that the varia- 
tions from one plant to another are considerably greater 
than the variations in any given plant, therefore the 
likelihood of obtaining some useful controller v/ould seem 
to be minimal. 

Above all, the insensitivity of the normal activated 
sludge system to chemical precipitation applications 
appears to dictate not only that a chemical controller 
would be redundant but also why it is so. 



FIGURE VI shows a schematic of a treatment plant in 
a location where chemicals could be mixed at the outlet 
from an aeration tank and soluble phosphorus monitored at 
the inlet to the final clarifier. Once this system 
reached equilibrium, it became apparent that there was a 
large phosphorus reduction in the aeration tank, due 
solely to the influence of metals in the rettlrn sludge. 
Hence, any device controlling chemical dosage only had 
control over changes from about 2ppm phosphorus to less 
than 1/2 ppm. 

On all the applications we have seen to date, there 
would be no advantage whatever in controlling chemical 



application proportional to phosphorus mass flow. Propo- 
sals which suggest that mass flow be used as a parameter 
have not given consideration to the difficulty and expense 
of measuring phosphorus and making the mathematical compu- 
tation. It has been our observation that flow measurement 
alone, while much simpler and much more economical, would 
provide just as close a control. 



EFFECT ON PLANT OPERATION 

Due to the increased amount of solids carried in the 
system because of metal ions and their complexes, increases 
are required in the mixed liquor suspended solids concentra- 
tion in order to maintain a similar level of organisms to that 
which previously existed. 

Evaluations on the effect on equipment such as pumps, 
diffUsers and other moving mechanical parts, can realistically 
be assessed only after a long period of either ferric chloride 
or aluminum sulphate application. 

The effect on sludge quantity and quality is not yet 
known . 

The amount of sludge as well as the density of sludge 
produced is bound to be affected and probably will have a 
noticeable effect where raw sludge is handled. 

Where the chemical sludge is digested, an extensive 
period of long-term evaluation will be required before there 
is positive evidence as to whether or not phosphorus will 
resolublize and whether or not there will be any other side 
effects. 



In cases where we were able to make observations 
simultaneously on two halves of a treatment plant, effluent 
BOD and suspended solids always appeared to be better than 
the original plant and certainly was not any worse. 



SUMMARY 

Our experience and observations to date indicate to 
us that there are no stock answers when it comes to chemical 
precipitation systems added to biological or postbiological 
effluents. 

-' There are no common symptoms . 

-- There are no common solutions. 

However the solutions are not difficult to obtain for 
any given treatment plant. 

It just requires data 

^ and it requires patience 

* and it requires some practical innovation rather than 
large capital costs. 

The jar testing procedure is consistent for a given 
waste, but the sewage itself is not consistent. 

Therefore it is critical that the time at which jar 
tests are done and the frequency and randomness of testing 
be properly guarded. 

Equipment for chemical application is inexpensive and 
quite portable, therefore each plant can be experimented 
with in order to find the best situation for any particular 
problem. 



Chemical precipitation systems should provide improved 
effluent quality in addition to phosphorus removal. 

BOD and Suspended Solids should show an improvement; 

Metals in the effluent should be precipitated and 
retained in the system; 

Other benefits of chemical precipitation may not come 
to light until many more measurements are taken. 

Eight weeks is not a sufficiently long period of full- 
scale testing in order to optimize chemical dosing rates. 
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SUMMARY 

Three chemical precipitants have been tested as a 
means of phosphorus removal in the batch chemical treatment 
of seasonal retention lagoons. Six treatments have been 
carried out with alum, three with ferric chloride and one 
with lime. The required dosage was determined by jar tests 
using the pond contents. It was found that these jar tests 
were highly reliable in predicting the post-treatment results 
in the lagoons. 

The chemicals were dispersed and mixed with out- 
board motorboats. It took two to three man hours per acre 
(5-7.5 man hours per ha) to treat a lagoon with a liquid 
chemical, and 13 to 25 man hours per acre (32% to 62 man 
hours per ha) to treat with a dry chemical. Lagoon discharge 
was usually begun the day after treatment and continued 
for an average of eight days. 

Both alum and ferric chloride produced a high 
quality effluent, low in phosphorus and BOD. The lime 
application initially produced a high quality effluent, 
but deteriorated rapidly over the draw down period. 



PHOSPHORUS REMOVAL IN SEASONAL RETENTION 
LAGOONS BY BATCH CHEMICAL PRECIPITATION 



INTRODUCTION 

As a result of the International Joint Commission 
report of 1969, the Province of Ontario adopted a policy 
requiring 80% phosphorus removal from wastewater treatment 
plant influents eventually entering the Lower Great Lakes 
and inland recreational waters, by the end of 1973 or 1975, 
depending on the location in the Province. This was later 
modified to an effluent total phosphorus level of 1.0 mg/1 
or less (Canada/U.S. Agreement, 1972). One practical means 
of effecting this kind of phosphorus reduction in the 
effluent from waste stabilization ponds is chemical treat- 
ment within the existing facility, either through continuous 
or batch chemical addition. The latter would be more 
advantageous in a seasonal retention lagoon because of the 
lower capital and operating costs. 

The areas in which additional information was 
required regarding the batch chemical treatment of lagoons 
were: 

1) chemicals that can be used effectively for 
phosphorus removal ; 

2) the most efficient means of dispersing the chemicals; 

3) possible recirculation of the phosphorus after 
treatment; and 

4) cumulative effect in repeated applications. 

To answer these questions, various chemicals were 
used in lab studies, "in-situ" studies and numerous full scale 
treatments in different lagoons. 



BACKGROUND 



In recent years eutrophication, or the over- 
abundance of nutrients, has become a very serious problem in 
the Lower Great Lakes. It is generally accepted that reducing 
the phosphorus loads coming into these lakes will improve 
the situation (Sawyer, 1968; Shapiro, 1970; Vallentyne et al, 
1970; and Hamilton, 1971). As stated earlier the International 
Joint Commission has acted upon this information and put 
forward guidelines that will strictly limit the amount of 
phosphorus entering these lakes from sewage effluents. 

One means of reducing the phosphorus is by chemical 
precipitation using one of the common coagulants, such as 
aluminum sulphate, ferric chloride or lime. This form of 
treatment has recently been associated with tertiary treatment 
for conventional sewage treatment plants (Lea et al, 1954; 
Malhotra et al, 1964; Nilsson, 1969; and Vollenweider , 1968). 
However, emptying into the Lower Great Lakes basin are many 
waste stabilization ponds, some of which are operated on a 
seasonal retention (f ill-and-draw) basis. The problem of how 
to treat these installations had to be considered. It was 
decided to try a batch type of chemical application, and in 
order to distribute the chemical in a reasonably uniform man- 
ner within the lagoon and achieve sufficient mixing, motor 
boats were used containing tanks which discharged the liquid 
or slurry into the prop-wash. This concept of batch chemical 
treatment, to reduce phosphorus levels, has also been used 
on two lakes (Jernelov, 1970 and Wall et al, 1971) . 
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METHODS 



1) Site Evaluation 



On the primary visit to the experimental site the 
physical facilities were examined. The access road to the 
lagoon was visually assessed for 50 ton (45 metric tons) 
carrying capacity in early spring and late fall. If heavy 
vehicular delivery did not seem feasible the possibility of 
piping the chemical was examined. 

The structural facilities were checked to insure 
that diversion of influent was possible during treatment and 
discharge on the multiple cell installation and also that 
separate discharge facilities were available. 

The mean depth of the lagoon was ascertained by 
taking numerous random soundings with a graduated weighed line 
The lagoon was checked for obstructions that would make power 
boat operation hazardous. 

2) Dosage Determination 

A 10 gallon (45.5 1) sample of surface lagoon water 
was collected from each cell to be treated. It was felt that 
the modes of operation, parallel or series, the age of the 
lagoon etc. could possibly effect a different dosage require- 
ment in cells of the same system. 

The 10 gallon (45.5 1) samples were returned to the 
laboratory for jar testing in order to determine the optimum 
chemical and dosage required with relation to performance 
and cost. 

The jar testing consisted of adding a dosage range 
of the test chemical (i.e., Lime 50-350 mg/1 ; Alum 50-300 
mg/1; Ferric Chloride 5-30 mg/1 as Fe"*"^) to 2 litre samples 
of the lagoon water being mixed with a Phipps and Bird 
multiple laboratory stirrer at 200 rpm, continuing this rapid 
mixing for 5 minutes, followed by 15 minutes of slow mixing 



at 30 rpm. Two to four hours after mixing, the supernatant 
was sampled. Total phosphorus analyses were then carried out 
on the supernatant samples and untreated control samples. 

Total phosphorus reduction to 1 mg/1 or less was 
the prime criterion used to determine dosage. The total 
phosphorus results were plotted on an approximate equal 
chemical cost graph {Figure 1) . The dosage used in the full 
scale tests was the one that reduced the total phosphorus to 
between 0.5 - 0.2 mg/1. This level is lower than the cri- 
terion of 1 mg/1 residual total phosphorus, but it was felt 
that the chemical would be less efficient in the field than 
in the jar test, 

3) Application 

Liquid Chemical 

Prior to the application, the experimental 
lagoon sites were prepared for treatment. A small portable 
floating dock approximately 6 feet x 12 feet (1.83 x 3.66 m) , 
was anchored at the edge of the cell near the spot where the 
chemical delivery truck would be. The boats (usually two) 
were launched into the lagoon. The inflow of raw sewage was 
diverted to anather cell in the multiple cell installation. 
In cases where the chemical delivery truck was unable to get 
close enough for direct discharge to the boats, the piping 
system for chemical delivery was also installed at this time. 

The chemical was delivered to the site by a tank 
truck, and a 50 foot (15.2 m) length of hose supplied by the 
carrier, was run from the tanker to the dock. The chemical 
was normally delivered directly from the tank truck to the 
tanks in the boats at the dock. 

The boats used in the experimental treatments 
were 16 foot (4.88 m) aluminum outboard motorboats, equipped 
with 40 H.P. (40.4 metric H.P.) motors. A 150 gallon (681 1) 
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FIGURE 



RESULTS OF JAR TESTS USING ALUM, LIME AND 
FERRIC CHLORIDE WITH LAGOON WATER COLLECTED 
FROM ARTHUR tt 1 CELL ON MARCH 14, 1972 
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rectangular plastic tank was anchored amidships. A 2 inch 
(5.1 cm) valved plastic syphon was attached to the stern of 
the tank near the bottom, and proceeded over the transom and 
down to a level just below the bottom of the boat. A 90 
elbow directed the chemical into the prop-wash. In order to 
facilitate starting the syphon, a hole, of approximately 1 
inch {2.5 cm) diameter, was cut into the leading edge of the 
last 90° elbow. A more permanent installation was later 
installed with direct discharge through the transom. 

Personnel who were within splash distance of the 
chemical wore rubber rain suits, plastic face shields and 
rubber gloves. The protective clothing was more critical in 
the application using ferric chloride than it was in the 
alum applications. 

Dry Chemicals 

The site preparation for dry chemical included 
the dock installation, boat launching and sewage diversion, 
as outlined in the section on liquid chemicals . In addition , a 
600 gallon (2720 1) slurry mixing tank was located adjacent 
to the lagoons. A gasoline driven pump was used to supply 
water to the slurry tank. A chemical transfer line, either 
pump or syphon, was installed from the slurry tank to the 
loading dock. A platform, was built to hold the dry chemicals 
off the grounds 

The dry chemical was delivered to the site in paper 
bags or small drums on transport trucks and unloaded either 
manually or by forklift onto the storage platform. 

The chemical was carried from the storage platform 
to the 600 gallon (2720 1) slurry tank where it was mixed 
with the water pumped from the lagoon and then delivered to 
the boat tank via a chemical transfer line. 

The same boats used in the liquid application were 
used in the dry chemical work. In addition to the 150 gallon 
(680 1) plastic tanks and the syphon dispersal equipment 
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each boat was equipped with, a 110 volt generator connected 
to an electric mixer mounted on the 150 gallon (680 1) tank. 
A man with a paddle was as effective as a mixer for keeping 
the slurry in suspension. This additional equipment was not 
necessary for the dry chemical that went into solution rather 
than slurry. 

In one small cell application {1 acre) (0.4 ha) 
using dry ferric chloride, the chemical solution was mixed in 
the boat tanks, thus bypassing the shore slurry tank, A pump 
supplied make-up water from the lagoons to the boat tanks. 
The chemical was carried from the boats and dumped directly 
into the tanks, where it was mixed and then dispersed in the 
usual manner. The unstable and restrictive work area on the 
dock and in the boat made this adaptation of this method 
difficult and somewhat hazardous. 

Protective clothing as outlined in the previous 
wet chemical system became more critical in the dry chemical 
system, with the extra handling involved. The dry chemical 
also introduced a dust problem, necessitating the wearing 
of dust masks. 



4) Discharge of the Treated Cells 

The floe formed by the chemical precipitants was 
given approximately 15 hours to settle out before discharging 
of pond contents began, usually the morning followinq 
treatment. 

Discharge was carried out as quickly as possible, 
given the physical limitation of the effluent structures, and 
the chemical and hydraulic loading limits of the receiving 
stream. The residual depth of water left in the lagoon 
after treatment was dependent on the design of the effluent 
structure. These residual depths varied from a few inches 
to two feet . 



STUDY PROGRAM 

1) Feasibility of Batch Treatment 

Preliminary work on batch treatment was carried 
out at the Arthur, Ontario lagoons in the latter half of 
1971. Arthur was chosen because it fulfilled the criteria 
outlined in the methods section, and had a sewage of mainly 
domestic origin thus avoiding any interference from unusual 
industrial wastes. 

The dosage in this first treatment was determined 
by jar tests and in situ studies carried out in a large 
cylinder in the lagoon, rather than just the conventional 
jar tests as used in subsequent treatments. 

Full scale treatment was carried out in November, 
1971, on the middle 5 acre {2.0 ha) cell, using liquid alum 
handled in the method previously outlined. 

2) Alum 

In order to verify the results obtained in Arthur 
in 1971, one cell (15 acres) (6.0 ha) of the Tavistock 
lagoon system was treated in April, 1972. Alum was discharged 
from the tanker truck directly to the boats as outlined above. 
As noted below, alum was also used in full scale applications 
on a large cell treatment simulation and also in testing the 
cumulative effects of batch treatment. 

3) Ferric Chloride 

Ferric chloride as a precipitant in batch treatment 
was first tested on the small 2 acre (0.8 ha) cell at 
Geneva Park near Orillia, Ontario in May, 1972. The method 
used was the modified version of the dry chemical method where 
the chemical was mixed in the boat tanks. 

In order to check the results obtained in the 
Geneva Park treatment and also to assess the behaviour of 
the precipitant over longer draw- down periods, two subsequent 



treatments were carried out. Both of these treatments used 
the liquid chemical method. The first was carried out on the 
7 acre {2.8 ha) #3 cell at the Arthur lagoons in October, 
1972 , and the second treatment was carried out on the 16 acre 
(6.4 ha) single cell installation at Sutton, Ontario in 
November, 1972. 

4) Lime 

The feasibility of using hydrated lime as the 
precipitant in the batch treatment method was assessed on one 
7 acre (2.8 ha) cell of the Tottenham lagoon system in May, 
1972. 

The application was carried out over a three day 
period using the technique outlined for dry chemical applica- 
tion in the methods section above . 

5) Large Cell Application 

The feasibility of treating cells greater than 
25 acres (10 ha) in size was tested in a simulated manner 
using the 5 acre (2.0 ha) #1 cell at Arthur, Ontario in May, 
1972. The dosage was applied in three equal portions over 
three consecutive days. The standard liquid chemical method 
of treatment was used. 

6) Cumulative Effect of Batch Treatment 

To assess the cumulative effects of batch treating 
one cell on a regular basis the first cell treated in this 
program, namely the 5 acre (2.0 ha) #2 cell at Arthur, has 
been treated a total of four times over an 18 month period. 
The first treatment as noted above was carried out in 
November, 1971, followed by treatments in May, 1972, October, 
1972, and finally May, 1973. 
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DISCUSSION OF RESULTS 



1) Full Scale Application Dosages 

The dosages used in full scale treatments as 

predicted by the jar tests are as follows: 

Arthur #2 cell, 1971, 325 mg/1 alum 

Arthur #1 cell, 1972, 210 mg/1 alum (prolonged 

application over three days) 

Arthur #2 cell. May 1972, 125 mg/1 alum 

Arthur #2 cell, October 1972, 150 mg/1 alum 

Arthur #2 cell, May 1973, 150 mg/1 alum 

Tavistock, 1972, 170 mg/1 alum 

Tottenham, 1972, 250 mg/1 lime 

Geneva Park, 1972, 17 mg/1 ferric chloride as Fe 

Arthur #3 cell, 1972, 22 mg/1 ferric chloride as 

Fe3+ 

Sutton, 1972, 20 mg/1 ferric chloride as Fe 

Wingham, 1972^ 100 mg/1 alum 

2) Total Phosphorus 

As can be seen in Figure 2 the three chemicals used 
all effected a substantial decrease in the total phosphorus 
by the day following the batch treatment. At this time most 
of the alum treated lagoons had a total phosphorus concentra- 
tion of from 0.1 to 0.2 mg/1; however, the two lagoons treated 
at only 100 and 125 mg/1 alum had a total phosphorus of 1.0 
and 1.1 mg/1 respectively. By thirteen days after treatment 
there was usually a slight increase in the total phosphorus, 
although this seldom exceeded 1.0 mg/1. 

In the case of the ferric chloride treatments, the 
initial post- treatment levels of total phosphorus were usually 
not as low as with alum, but there was no phosphorus return, 
up to twenty-seven days after treatment. 

The lime caused an initial drop in the total 
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FIGURE 2. 



RESPONSE OF TOTAL PHOSPHORUS IN SEASONAL 
RETENTION LAGOONS AFTER BATCH TREATMENT 
WITH THREE CHEMICALS 
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phosphorus, but the return was rapid and was above 1.0 itig/l 
during the mean draw down period. 

3) Soluble Phosphorus 

By the day after treatment all three chemicals again 
effected a considerable decrease in the soluble phosphorus 
(Figure 3) . At this time the soluble phosphorus in most of 
the alum treated lagoons was 0.1 to 0,2 mg/1, essentially 
the same as the total phosphorus concentration. Over the 
observation period there was no significant change. 
Approximately the same was found after treating with ferric 
chloride. 

The lime treatments caused an initial reduction in 
the soluble phosphorus but there was an increase during the 
draw-down. The post-treatment soluble phosphorus peak 
(Figure 3) corresponded to a decrease in the pond pH values, 

4) BOD 

The three chemicals tested caused an initial 
decrease in the BOD following batch treatment (Figure 4) . in 
three of the alum treated lagoons, the BOD continued to 
decrease during the mean draw -down period and was below 10 
mg/1 after three days, although in one of these lagoons by 
nine days after treatment there was an increase to about 
18 mg/1. The fourth alum treated lagoon received a dosage of 
only 125 mg/1 alum and the BOD decreased to 16 mg/1 juSt 
after the treatment, but increased during the mean draw-down 
period to about 20 mg/1. 

The pretreatment BOD levels in the lagoons to be 
treated with ferric chloride were all very low. After the 
batch treatment there was a slight decrease and no 
subsequent increase . 

The lime caused an initial reduction in the BOD, 
but after eight days there was a drastic increase in BOD 
as is shown in Figure 4. 



FIGURE J. 



RESPONSE OF SOLUBLE PHOSPHORUS IN 
SEASONAL RETENTION LAGOONS FOLLOWING 
BATCH CHEMICAL TREATMENT 
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FIGURE 4. RFSPONSE OF BOD IN SEASONAL RETENTION 
LAGOONS BATCH TREATED WITH THREE 
CHEMICALS 
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5) Suspended Solids 

The suspended solids in the alum applications 
ranged from 12.5 to 65 mg/1 prior to treatment. The day- 
after treatment the range was usually 5 to 15 mq/1 , with only 
one value above 15 mg/1. These values were maintained or 
improved over the mean draw-down period. 

Pretreatment suspended solids in the three ferric 
chloride applications ranged from 5-20 mg/1. Only the Geneva 
Park application exhibited a decrease in suspended solids 
after treatment {20 mg/1 to 15 mg/1) . 

The lime application exhibited a gradual decline 
in suspended solids over six days following treatment • 
(25 mg/1 to 5 mg/1) , after which a rapid increase was noted. 

6) £H 

The pH was initially reduced by the alum and ferric 
chloride treatments and increased by the lime treatment. 

In the alum treatments there was an initial 
reduction of less than 1 unit; followed by a gradual increase 
to pretreatment levels by the tenth day after treatment. The 
ferric chloride applications displayed a similar decrease in 
pH, but unlike the alum treatments, the pH drop was still 
evident ten days after treatment. The pH after treatments 
with both alum and ferric chloride was not below 6.5, 

The lime application caused an increase in the pH 
of 2.1 units by the first day after the treatment was 
completed. This was followed by a gradual decrease to day 
twelve, followed by an increase. During the draw-down, the 
pH did not fall below 8.7. 

7) Bacteria 

The range of bacterial results is presented in 
Table 1. The lower end of the ranges correspond to the 
higher dosages of chemical and vice versa. Possibly the jar 
testing method could be developed to include prediction of 
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disinfection as well as phosphorus removal. Thus by increasing 
the dosage by some quantity beyond the point necessary for 
phosphorus removal, disinfection could be effected. 

TABLE # i 

TOTAL COLIFORM BACTERIA 

Before Treatment After Treatment 
organisms per 100 ml. organisms per 100 ml. 

Alum 81,000-120,000 6-108,000 (1) 

(6 applications) 

Ferric Chloride 1,450-10,600 300-3,100 

(3 applications) 

Lime 325,000 3,100 

(1 application) 

(1) Only two applications showed a post-treatment level of 
greater than 2,500 organisms per 100 ml. 

FECAL COLIFORM BACTERIA 

Before Treatment A-fter Treatment 
organisms per 100 ml. organisms per 100 ml. 

Alum 14,050-22,000 4-6,250 (2) 

(6 applications) 

Ferric Chloride 100-1,200 33-670 

(3 applications) 

Lime 15,700 $ 

(1 application) 

(2) Four of the treatments had counts of less than 10 organ- 
isms per 100 ml. 
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8) Cumulative Effects 

The alum treatments that have been carried out on 
the #2 cell at Arthur .are listed below. 



Date 



Dosage in mg/1 



Effluent quality on the 
day after treatment 



November 1971 
May 1972 
October 1972 
May 1973 





Total 


phosphorus 
mq/1 


BOD mg/1 


325* 




0.1 





125 




0.2 


14 


150 




1.1** 


16 


150 




0.5 


15 



* This dosage is a probable overdose. The dosage in the first 
treatment was ultimately decided on by "in-situ" studies, 
rather than the jar tests used in subsequent treatments. 
** On the next sampling, four days after treatment, the 
total phosphorus was 0.75 mg/1. 

As noted in the table above , the dosages required 
did not become greater with each treatment as may have been 
expected if there had been recirculation of the previously 
precipitated nutrients. 

Visual inspection of glass cores taken from the 
bottom of this cell after the initial alum treatment, 
exhibited a thin white layer of floe, less than 0.1 inches 
(0.25 cm) in depth, deposited on the mud bottom. Examination 
of the bottom with probes after each treatment does not 
suggest any abnormal sludge build-up. 
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9) Large Cell Application 

The simulation of a large cell application on Arthur 
#1 cell in May, 1972 produced residual total phosphorus and 
BOD of 0.1 mg/1 and 13 mg/1 respectively. A full scale large 
cell treatment was carried out in May, 1973 at Listowel, but 
results are not yet available. 

10) Field Observations 
Water Clarity 

The Secchi disc reading in the alum treated lagoons 
ranged from 7 inches (.2 metres) to 16 inches (.3 metres) 
prior to treatments. The day following treatment the Secchi 
disc readings in these lagoons ranged from 48 inches (1.22 
metres) to 60 inches (1,52 metres), with four of the six 
treatments having readings of 60 inches (1.52 metres). 

Pre treatment Secchi disc readings in the ferric 
chloride treatments ranged from 7 inches (.2 metres) to 20 
inches (.5 metres). Following treatment the range was 53 
inches (1.35 metres) to 60 inches (1.52 metres). A slight 
orange tinge was visible in the water the day following 
treatment. 

Lime treatment increased the Secchi disc reading 
from 8 inches (.2 metres) to 35 inches (.9 metres). 
Foaming 

Foaming at the point of discharge of the effluent 
was noted in applications with all three chemicals tested. 

In discharging the lagoons, the turbulent mixing 
of the clear effluent in the discharge pipe caused foaming 
in the manholes along the pipe and also at the point of 
discharge. There was a build-up of foam in the receiving 
streams for approximately 100 feet (30.5 metres) below the 
discharge point. Two hundred yards (182.6 metres) below the 
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point of discharge this foam had virtually disappeared. 

The foam from the Arthur #2 cell alum treatment in 
1971 was collected in large plastic bags and returned to the 
laboratory for analysis. The residue from the foam was 
characterized as a mixture of synthetic anionic surfactants, 
the source of which probably was common detergents. 

This foaming in the effluent may cause aesthetic 
problems in isolated instances where the discharge point is 
in a conspicuous area. 

GENERAL CONSIDERATIONS 

1) Application 

The main objectives in a batch treatment application 
method are rapid, even distribution of the chemical, combined 
with mixing action. The outboard motorboat method described 
above achieves this objective. 

The application times for full scale trials of batch 
treatment are presented below. As the man hours spent in 
application varies with the quantity of chemical required, 
these application times are not directly comparable. 

Alum Lime Ferric Chloride 
Man hours per acre 3 24 13 powder, 

2 liquid 
Man hours per million 

gallons 2.4 17.7 9.6 powder, 

1.6 liquid 
Set up and clean up time- 16 125 16 
man hours per application 
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2) Physical Design Requirements 

If batch treatment is to be implemented on a 
regular basis the following facilities are advisable: 

1. A roadway to the edge of each cell with a turn- 
about area sufficient to carry 50 tons (45 
metric tons) in early spring and late fall or a 
piping system to deliver the chemical to each 
cell. 

2. A boat ramp and a small dock installed in each 
cell. 

3> In multiple cell installations separate controll- 
able feed and outlet facilities are necessary to 
allow diversion of raw sewage during treatment 
and draw-down. 

4. A low level outlet pipe in the lagoon to allow 
complete drainage of the cell contents. 

5. A discharge pipe from the lagoon of sufficient 
size and design to allow drainage of the treated 
area over a 5-10 day period. 

6. In new large installations a number of medium 
sized cells of 10-15 acres (4 ha - 6 ha) would 
be better suited to this type of treatment than 
one or two large cells. These medium sized cells 
could be treated individually and drawn down 
over a relatively short period of time, thus 
maintaining optimum water quality in the 
effluent. 

3) Jar Tests 

The prime criteria used in jar testing is the 
reduction of total phpsphorus to below 1 mg/1. The procedure 
outlined above is an adequate method to determine the required 
dosages to effect phosphorus removal. The total phosphorus 
levels obtained in full scale trials closely approximated 
those predicted by the jar tests in the case of lime and 



ferric chloride. The use of alum in full scale field trials 
resulted in slightly better phosphorus removal efficiencies 
than predicted by the jar tests. 

Jar tests should be carried out prior to each 
application. As noted above there is a considerable variation 
in chemical requirements at various locations. Also, 
subsequent treatments of the same cell may require different 
dosages, if raw sewage characteristics alter appreciably. 
Cells within one lagoon installation may vary due to size, 
age, operating procedure etc; thus, the dosage required in 
one cell may not be adequate for another. 

The choice of a chemical chould be based on 
individual chemical cost analysis as well as application 
economics analysis. 

Jar testing should be carried out by a reputable 
organization to ensure consistent methods and results. 
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CONCLUSIONS 

Batch chemical treatment of seasonal retention 
lagoons should be considered as a reasonable alternative to 
conventional forms of sewage treatment. A high quality 
effluent may be obtained at a relatively low monetary and 
manpowe r i nput . 

Of the three chemicals tested, only the use of 
alum and ferric chloride can be recommended at this time, A 
high quality effluent was produced and maintained over the 
draw down period. 

The lime precipitation produced a relatively good 
initial effluent, although deterioration was rapid. The 
somewhat lower cost of the chemical was offset by the very 
high manpower requirement. 
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DESIGN CONSIDERATIONS IN THE IMPLEMENTATION 
OF ONTARIO • S PHOSPHORUS REMOVAL PROGRAMME 



INTRODUCTION 

The Province of Ontario is presently involved in 
a five-year programme to control phosphorus discharges from 
more than two hundred existing wastewater treatment plants 
serving some 4.7 million persons. In order to implement 
this programme , it was necessary to develop methodology 
that would allow the prediction of prime coagulant best 
suited for phosphorus removal at any particular treatment 
facility and to determine whether the chemicals used for 
phosphorus removal would have any physical or process effects 
on present wastewater processes, facilities, methods of 
sludge treatment, and subsequent sludge disposal practices. 

A Research programme, funded under the Canada/ 
Ontario Agreement on the Lower Great Lakes, was subsequently 
undertaken using jar testing techniques as a basis for the 
predictive aspects of the study; full scale phosphorus re- 
moval studies were conducted at wastewater treatment faci- 
lities ranging in size from 0.05 to 24.0 mgd (227 to 109,000 
cu m/day) capacity. 

This report discusses the predictive methodology, 
operational results, problem areas, and design considerations 
that have resulted from the full scale studies conducted. 

In addition, the results of studies involving 
phosphorus removal through continuous chemical addition to 
waste stabilization pond systems are discussed. 



BACKGROUND 

As a result of a 1969 International Joint Commission 
report recommending that phosphorus discharges from all 
sources in the Lower Great Lakes be reduced to the lowest 
practical level, the Province of Ontario announced a policy 
requiring the installation of phosphorus removal facilities 
at municipal and institutional wastewater plants in both 
the Lower Great Lakes areas and in inland recreational 
waters . 

Initially the policy required a minimum removal of 
80% of the phosphorus from wastewater plant influents with 
the need for higher levels of removal to be determined by 
further studies of the receiving waters. This criterion 
was subsequently superseded in the Lower Great Lakes by the 
signing, in April, 1972, of the Canada-United States Inter- 
national Agreement on Great Lakes Water Quality which 
called for an effluent objective of 1 mg/1 total phosphorus. 

Permanent phosphorus removal facilities must be 
operational by December 31, 1973, in the most critically 
affected areas of the Province, by December 31, 1975, for 
those discharging to waters deemed to be in a less critical 
condition, and three years after notification in all other 
areas of the Province where problems are found to exist. 
Figure 1 outlines the scheduled phosphorus removal compliance 
dates for the southern section of the Province of Ontario. 

In order to implement and accelerate pollution 
control programmes, the governments of Canada and Ontario 
signed an agreement that secured funding for a $250,000,000 
capital works programme aimed at upgrading sewage collection 
systems, treatment works, and including the installation of 
phosphorus removal equipment. An additional $6,000,000 over 
the five year term of the agreement was provided for related 
research studies. 
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Although considerable research effort had gone 
into technical studies of phosphorus removal at waste- 
water treatment plants, the studies conducted by the Ministry 
of the Environment, and funded by the Canada/Ontario Agree- 
ment, had the following objectives: 
1} Develop methodology that would allow the prediction 

of what prime coagulant would be best suited for phos- 
phorus removal at a particular WPCP , 

2) Determine the effects of phosphorus removal using prime 
coagulants on the activated sludge process and all its 
modifications , 

3) Provide information on both the quantity and quality of 
sludge to be expected from WPCP ' s effecting phosphorus 
removal , 

4) Insure that the present methods of sludge treatment were 
adequate for chemical-organic sludges, 

5) To determine whether phosphorus removal could be readily 
implemented into existing treatment plants without major 
capital works expenditures, 

6) Provide a method of phosphorus removal in non-mechanical 
treatment systems, e.g. stabilization ponds and aerated 
lagoons. 



PREDICTIVE METHODOLOGY 
(a) Procedure 

The use of jar testing procedures to simulate 
water treatment plant conditions is a well known and often 
used technique . More recently, this same jar test pro- 
cedure has been used to provide preliminary design information 
on phosphorus removal by chemical precipitation in municipal 
wastewater treatment systems. This standard procedure 
parallels that used by potable water treatment plant operators 
in that a standard arbitrary timing sequence is used to 



ensure adequate mixing in reaction time followed by sufficient 
details of the jar testing procedures used are available 
elsewhere . Rather than attempt to duplicate hydraulic 
and mixing conditions within a particular WPCP being studied, 
we have found that adopting a standard jar testing technique 
has yielded satisfactory predictive results. 

The preliminary testing is done on both raw sewage 
and final effluent grab samples using a wide range of primary 
coagulant dosages. Additional jar tests are subsequently 
conducted to narrow down the range of coagulant dosage 
required to effect the required degree of phosphorus removal, 
expressed either as a percentage removal or a residual 
phosphorus concentration. 

Finally, a number of jar tests are conducted 
using dosages that attempt to bracket the range of removal 
efficiency desired , i.e. dosages yielding removals lower , 
equal to and higher than the objective. It is essential 
that these jar tests be conducted over an extended period 
of time in order that a representative variety of sewage 
characteristics are encountered. Grab samples for jar 
testing should be taken at different times of the day and 
on various days of the week. Once the range of chemical 
dosages has been determined, it is essential not to alter 
these dosages used in the jar testing in order to avoid 
deliberately skewing the results . In order to have suffi- 
cient data to draw meaningful conclusions, it was considered 
that a minimum of ten data points should be obtained for 
each chemical dosage on each waste stream being studied. 



(b) Data Analysis 

Rather than looking at the average total phos- 
phorus removal for each set of data , more meaningful in- 
formation is obtained by plotting each set of data points 
on arithmetic probability paper; this allows a direct com- 
parison of the various chemical dosages used. 

Such probability curves have two significant 
aspects : 

1) The relative vertical position indicates the degree 
of effectiveness of the coagulant used at that given 
dosage , 

2) The slope of the line indicates the expected reliability 
of phosphorus removal using that particular coagulant. 

A typical set of data using alum as the coagulant 
on raw sewage is shown in Figure 2. 

Using similar curves for each coagulant, the 
dosage requirements to yield a given degree of phosphorus 
removal (or residual phosphorus value) , for a specified 
frequency , may be determined , 

The relative economics of the chemical processes 
for total phosphorus removal can then be determined on the 
basis of optimum dosage, delivered cost, and availability 
of chemical, 

(c) Results and Discussion 

Graphical interpretation of the jar test data 
accumulated from many of the WPCP ' s tested to date is 
shown in Figures 3 - 7 . Each figure represents the overall 
study results obtained using a particular coagulant on raw 
sewage {Figures 3 - 5) or on final effluent {Figures 6-7). 

Each of the data points used in the regression 
analysis and confidence limit determination represents the 
complete result of the jar test study conducted at a 
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particular WPCP and not an individual jar test result. 

Since it has been previously speculated that coagu- 
lant demand to effect a specific phosphorus removal is a func- 
tion of influent phosphorus concentration, Figures 3-7 are 
presented as coagulant dosage plotted against influent 
phosphorus concentration. Where jar tests were conducted 
on final effluent, the coagulant requirement is plotted 
against final effluent total phosphorus concentration. 

From Figures 3, 4 and 5, all involving addition 
of prime coagulant to raw sewage, it can be seen that 
higher dosages are required to effect a 1 mg/1 residual 
total phosphorus rather than 80% reduction of raw sewage 
total phosphorus. Although the significance of correlations 
can be determined from the given t values, the wide 95% 
confidence band indicates that such a correlation, where 
it exists, is of little value for either predictive or 
control purposes. Figure 5 illustrates that in order to 
effect 8 0% removal of raw sewage phosphorus , the required 
lime dosage increases with decreasing raw sewage phosphorus 
concentrations. This apparent anomaly can be explained 
in that as raw sewage phosphorus concentrations diminish, 
the residual phosphorus value also decreases with an 80% 
removal requirement. With lime being used for phosphorus 
removal, lower residual P values necessitate higher influent 
pH values thereby increasing the required lime dosage. 

In Figures 6 and 7, the chemical requirements to 
effect phosphorus removal using alum and ferric chloride 
on final effluent are shown. Studies conducted in the early 
part of this programme indicated that jar tests done on final 
effluent gave similar results to those conducted on mixed 
liquor; this then allowed the use of final effluent for jar 
testing that would yield predictive results with respect 
to the application of coagulant into mixed liquor. This 
preliminary testing procedure does not take into account 



FIGURE 3: P REMOVAL IN RAW SEWAGE 
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FIGURE 4: P REMOVAL IN RAW SEWAGE 

FERRIC CHLORIDE DOSAGE VS TOTAL PHOSPHORUS 
LINEAR REGRESSION & 9 5% CONFIDENCE BAND 
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FIGURE 5: P REMOVAL IN RAW SEWAGE 
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FIGURE 6: P REMOVAL IN FINAL EFFLUENT 

ALUM DOSAGE VS TOTAL PHOSPHORUS 
LINEAR REGRESSION S 95% CONFIDENCE BAND 
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FIGURE 7: P REMOVAL IN FINAL EFFLUENT 
50 -I FERRIC CHLORIDE DOSAGE VS TOTAL PHOSPHORUS 

LINEAR REGRESSION S 9 5% CONFIDENCE BAND 
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the effects of accumulated coagulant within the mixed liquor. 

Figures 6 and 7 indicate that in general a reduced 
coagulant dosage is required to effect phosphorus removal 
in the aeration tank when compared to the addition of chemical 
to raw sewage. 

The analysis of the raw jar test data indicates 
that the average total phosphorus in raw sewage for the 
plants studied is 8.0 mg/1 with the range being 2.3 - 18.0 
mg/1. In final effluent the total phosphorus concentration 
is 4.4 mg/1 with the observed range being 1.1 - 7.7 mg/1. 

When considering the variability of the jar tests 
probability plots , the only generalized conclusion that can 
be drawn from the data analysed is that municipal sewage 
with a high industrial waste fraction tends to yield more 
variable performance with respect to phosphorus removal. 
The variability of performance as indicated by the slope 
on the probability plots may aid in selecting which of two 
chemicals providing phosphorus removal at equal costs are 
to be used for full scale phosphorus removal . 

With respect to analysis of jar test data from 
a specific plant, Figure 8 indicates chemical dosage 
requirement as a function of raw sewage total phosphorus 
concentration. The regressions and broad confidence bands 
shown are typical of jar test results obtained at many 
municipalities in that the correlation of dosage and initial 
phosphorus level is poor and not suitable for chemical 
addition control purposes . Possibly a feedback chemical 
dosage control system would be feasible based on effluent 
total phosphorus concentration rather than the feed forward 
control system based on influent raw sewage phosphorus level. 
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FULL SCALE STUDIES 

(a) Research Studies on Mechanical Plants 

In order to provide the necessary technical and 
design information for phosphorus removal implementation, 
a number of full scale studies were conducted involving the 
application of the three basic prime coagulants, lime, alum 
and ferric chloride, in different types of wastewater treat- 
ment facilities commonly encountered in the Province of 
Ontario. Table I summarizes the research studies conducted 
by outlining the type of wastewater treatment facility, 
chemical used , point of application , and any additional 
specific reasons for conducting that particular study. 

In order to confirm that the proposed study would 
be successful at the particular WPCP chosen, preliminary jar 
tests were conducted according to the method previously out- 
lined. The duration of these full scale studies depend to 
a great extent on the specific purpose of the study, i.e. 
where anaerobic digestion was concerned, the studies were of 
a minimum six months duration, while an activated sludge 
process would only be of two or three months duration. 

Although much of the earlier work was conducted 
using swimming pools as temporary storage tanks , the inci- 
dence of problems using such temporary facilities was quite 
high and subsequently five thousand gallon chemical storage 
FRP tanks were used for these temporary studies . Liquid 
coagulant was fed through chemical feed pumps either pro- 
portional to raw sewage flow or manually adjusted according 
to diurnal flow variations. During these studies various 
in-plant streams were normally sampled three times a week; 
where digestion studies were involved , sludge samples were 
obtained on a weekly basis . In addition , the normal opera- 
tional parameters of both the activated sludge process and 
anaerobic digestion process were monitored for the duration 
of the studies , 
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TABLE 1 
FULL SCALE PHOSPHORUS REMOVAL STUDIES OF MECHANICAL PLANTS 



Type & Size 
mgd * 



Chemical 



Point of Addition Additional 

Purpose of Study 



A) Conv Act SI 

(3.0) 

B) Conv Act SI 

(4.0) 

C) Conv Act SI 

(4.0) 

D) Conv Act SI 

(0.75) 

E) Conv Act SI 

(2.0) 

F) Conv Act SI 

(0.2) 

G) Conv Act SI 

(4.0) 

H) Conv Act 31 
( 6.4) 

I) Conv Act SI 
(4.5) 



J) Cont Stab 
(0.54) 

K) Ox Ditch 
(0.72) 

L) Primary 
(8.0) 

M) Primary 

(24.0) 

N) Ext Aer 

(0.05) 



alum 



alum 



alum 



alum 



lime 



lime 



lime 



ferric chloride 



ferrous sulphate 



alum 
ferric chloride 

alum 
ferric chloride 

ferric chloride 



alijm 



alum 
ferrous chloride 



Raw 
Aeration 

Raw 



Raw 
Aeration 

Aeration 



Raw 



Raw 



Raw 



Raw 
Aeration 

Raw 



Contact zone 
Contact zone 

Raw 
Raw 

Raw 



Raw 



Raw 
Raw 



Anaerobic 
digestion 

Vacuum filter 



Low alkalinity 
raw water 

Anaerobic 
digestion 

Anaerobic 
digestion 

High calcium 
raw water 

Vacuum filter 



Waste pickle 
liquor , anaerobic 
digestion 

Aerobic 
digestion 

Mixing 
considerations 

Anaerobic 
digestion 

Vacuum filter 



* X 4550 cu m/day 
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(b) Research Studies on Non-mechanical Plants 

In order to allow for complete implementation of 
the phosphorus removal programme , research studies were 
conducted to determine a means of achieving phosphorus 
removal in aerated lagoons and conventional stabilization 
ponds. Table II outlines some of the research studies 
conducted on such non-mechanical wastewater treatment 
facilities. 

For the study involving phosphorus removal at a 
facultative aerated lagoon facility, liquid alum fed to 
the raw sewage at a nearby pumping station, was used for 
the initial phase of the study, followed by an attempt to 
effect phosphorus removal using lime, again fed to the 
raw sewage at the pumping station. In addition to liquid 
phase samples, close surveillance was made of the depth of 
sludge in the aeration basins. 

Presently phosphorus removal studies at three 
conventional waste stabilization pond systems are continuing 
These involve the addition of liquid alum, lime and ferric 
chloride to the raw sewage prior to entering the stabili- 
zation ponds. It is expected that these studies will be of 
approximately two years duration. Raw sewage and stabili- 
zation pond contents are sampled weekly and analysed for 
routine chemical parameters including algal enumeration. 



18 



TABLE II 



FULL SCALE PHOSPHORUS REMOVAL STUDIES AT NON -MECHANIC A L PLANTS 



Type 



Size of 

cell 
treated 
* (acres) 



Chemical 



Point of 
Addition 



Facultative 
Aerated Lagoon 



0.6 



Lime 
Alum 



Pumping Station 
Pumping Station 



Conv Stab 
Lagoon 



13.2 



Alum 



Pumping Station 



Conv Stab 
Lagoon 



15 



Lime 



Mix tank prior to 
entering lagoon 



Conv Stab 
Lagoon 



16 



Ferric 
chloride 



Pumping Station 



* X 0.405 = ha 



X$ 



RESULTS AND DISCUSSION 

(a) Studies on Mechanical Plants 

The effluent quality results from the studies 
carried out in mechanical plants are summarized in Table III. 

(i) Primary Performance 

In primary plants the addition of chemical pre- 
cipitants significantly improves the solids capture of the 
system. This improvement is somewhat better when using metal 
salts than when using lime for phosphorus removal. Table III 
shows that in plants adding metal salts (L & M) the observed 
effluent quality would be 1.0 mg/1 total P, 35 mg/1 BOD and 
30 mg/1 SS. Data available from two primary plants operating 
with lime addition have shown that the observed effluent 
quality using lime as the precipitant is 1.3 mg/1 Phosphorus, 
40 mg/1 BOD and 50 mg/1 SS at lime dosages of 200 - 225 mg/1 
as CaCOH)-. 

(ii) Process Performance of Activated Sludge Systems 
In the conventional activated sludge system (A 
through I) , the effluent BOD and SS values were similar 
to those normally associated with this type of treatment 
system. The total phosphorus reduction was near that pre- 
dicted by the jar testing programme at most of the plants. 
In some cases (A, D, and I) , the dosage required to meet 
the objectives was somewhat lower than that predicted. The 
presence of industrial wastes in appreciable quantity had 
a severe detrimental effect on the ability of prime coagu- 
lant to remove phosphorus. This problem was particularly 
pronounced when phosphorus removal was effected across the 
primary clarifier rather than the aeration section. All 
studies at municipalities receiving significant industrial 
waste loadings encountered this situation. 

In all activated sludge systems where chemical 
addition to the aeration tank discharge was used to preci- 
pitate phosphorus, the hydraulic load on the final clarifier 
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TABLE III 
SUMMARY OF RESULTS IN MECHANICAL PLANTS 



Plant No 



NJ 



A 



D 

P 
G 
H 



^ 



Chemical & 
Predicted 
Dosage 
(mg/1) 



Alum (200) 



Alum (150) 
Alum (125) 

Alum (175) 

Lime (-) 

Lime (70) 

Lime (150) 

Ferric Chloride 
(10 Fe^"^) 



Ferrous sulphate 
(40 Fe^"^) 

Alum (125) 
Ferric Chloride 

(15 Fe-^"^) 



Actual Point of Effluent Quality 

Dosage Application Total P Ortho P BOD 
(mg/1) nig/1 % Rem. mg/1 mg/1 % Rem 



200 
150 
100 
100 
75 

150 



15Fe 



Raw 


0.5 


96 


Raw 


1.2 


88 


Raw 


1.8 


80 


Aeration 


1.7 


98 


Aeration 


2.6 


92 



Raw 



125 Contact zone 
3+ 



1.2 88 



125 


Raw 


1.6 


84 


125 


Aeration 


1.7 


78 


175 


Aeration 


0.5 


93 


131 


Aeration 


1.3 


88 


200 


Raw 


2.0 


80 


130 


Raw 


3.1 


45 


125 


Raw 


1.8 


80 


Fe^^ 


Raw 


0.8 


88 


Fe'^ 


Aeration 


1.3 


80 


Fe^^ 


Raw 


3.0 


83 



0.3 94 
Contact zone 0.9 8 8 



0.4 


7 


98 


.8 


5 


99 


1.25 


8 


98 


0.6 


16 


97 


4^M 


23 


96 



1* 



2*1 

0.1 
Q.5 



25 



21 

3 

9 



81 



©,-.:.t 


22 


88 


n.x 


37 


82 


t*i 


36 


81 


^•A 


22 


92 


%a 


9 


96 


a:,-2: 


6 


91 


x#>@ 


31 


73 


@*3 


15 


87 


0.7 


15 


86 



88 

90 
94 



SS 

mg/1 



15 
15 
12 
19 
32 

11 

40 
56 
23 

24 
7 

13 
6 

6 

9 

13 

7 
14 



TABLE III - continued 
SUMMARY OF RESULTS IN MECHANICAL PLANTS 






Plant 


No. Chemical & 
Predicted 


Actual 
Dosage 


Point of 
Application 






Effluent 


Qual 


ity 






Dosage 


(mg/1) 




Total P 


Ortho P 


BOD 


SS 




(mg/1) 






mg/1 


% Rem. 


mg/1 


Tig/1 


% Rem. 


mg/1 


K 


Alum (125) 


125 


Raw 


1.0 


80 


.2 


17 


63 


37 




Ferric Chloride 
(15 Fe^"*") 


15Fe^^ 


Raw 


0.8 


83 


• 5 


6 


91 


11 




















L 


Ferric Chloride 
(15 Fe^"^) 


15Fe3^ 


Raw 


1.2 


78 


0.5 


39 


61 


33 




15Fe^"*" & 




















0.5 A-23 


Raw 


1.3 


77 


0.7 


34 


68 


26 






20Fe^"*" 


Raw 


0.7 


85 


0,1 


37 


62 


28 






20Fe-^"^ & 




















0,5 A-23 


Raw 


0.8 


88 


0.2 


33 


67 


17 


M 


Alum (100) 


100 & 




















0.4 A-23 


Raw 


0.5 


93 


0.1 


34 


72 


20 






90 & 




















0.4 A-2 3 


Raw 


1.0 


87 


0.4 


42 


61 


30 


N 


Alum (-) 


230 


Raw 


1.5 


91 


« 


14 


91 


55 




Ferrous Sulphate 


2 + 
12.5Fe 


Raw 


4.1 


68 


_ 


16 


89 


40 




(-) 


15 Fe2+ 


Raw 


2.6 


86 


M 


12 


94 


32 



had a marked effect on effluent quality. At hydraulic loads 
above 650 - 700 gpd/sq ft {31.4 - 33.8 cu m/sq m/day) , a 
steady deterioration in effluent quality occurred. Final 
effluent SS values of 25 mg/1 were consistently obtained 
when the hydraulic rate on the clarifiers increased to 800 
gpd/sq ft (38.7 cu m/sq m/day). Below 650 gpd/sq ft (31.4 
cu m/sq m/day) there appears to be no further decrease in 
effluent SS values. The minimum expected SS value is 10 mg/1 
from these systems. The effluent BOD values were observed 
to follow the fluctuations of the effluent SS very closely. 
With satisfactory solids separation, BOD values of 10 - 15 
mg/1 were consistently obtained in the studies. 

In the operation of full scale plant studies 
within existing structures, phosphorus removal was readily 
effected providing adequate mixing of the chemical stream 
and the wastewater was obtained. In cases where the 
initial results from the full scale plant study did not 
approach the jar test predicted results, it was found that 
either inadequate mixing or excessive hydraulics were the 
cause. Efficient mixing was obtained in full scale plants 
in the following ways: 

a) chemical injection into the suction side of raw 
sewage pumps 

b) chemical addition into a preaeration tank provided 
significantly more air can be supplied at the 
addition point 

c) chemical addition at a parshall flume or similar 
constriction in a flow channel 

d) chemical addition into the channel or pipe between 
the aeration tank and the final clarifier provided 
adequate mixing is already available or additional 
mechanical agitation or air mixing is provided. 

In several cases, the P removal efficiency was 
doubled by increasing the mixing intensity at the point of 
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chemical addition. The reaction times available in existing 
plants have normally proven to be adequate. It was found 
that by matching the chemical feed rate to the incoming 
hydraulic load three to eight times/day, adequately consistent 
results were obtained. No benefit of matching the chemical 
feed rate to the incoming phosphorus load has been observed. 

In plant C, where the effect of alum addition 
to a sewage from a municipality with a low alkalinity raw 
water was studied, it was found that at acceptable hydraulic 
rates, alum dosages up to 125 mg/1 did not adversely depress 
the pH. However, at alum dosages of 175 mg/1, the pH was 
depressed to as low as 3.0 at times. The raw water supply 
to this municipality has an alkalinity of 10 mg/1 as CaCO-. 
and the raw sewage alkalinity averaged 150 mg/1 as CaCO^. 

In plant F, jar tests predicted that the addition 
of 70 mg/1 lime to the raw sewage would effect P removal 
to the desired 1 mg/1. This sewage is unique since it con- 
tains a great deal of alkalinity (300 mg/1 as CaCO^) , and 
total hardness {950 mg/1 as CaCO^) . The full scale study 
was started at the 70 mg/1 lime level, but inadequate P 
removal was experienced. An increase in dosage to 120 mg/1 
lime did not significantly improve the removal efficiency. 
Based on raw sewage titration curves, it is anticipated 
that dosages up to 225 mg/1 may be required to effect P 
removal. 

The use of waste pickle liquor in plant i yielded 
significantly better results than those predicted by jar 
tests. The addition of 20 mg/1 Fe effected in excess of 
80% of total P removal. No deterioration in effluent 
quality was noted; however, a gradual increase in digested 
sludge heavy metal content has been observed, although 
there have been no digester operating problems during the 
ten months of the study . 
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In the contact stabilization study, high quality 
effluent was consistently obtained. No change in aerobic 
digester operation was noted. 

Satisfactory effluent quality and no solids 
deposition within the ditch resulted from the addition of 
alum or ferric chloride to the oxidation ditch wastewater 
treatment plant. 

The use of alum and ferrous chloride in an extended 
aeration plant produced a poor effluent quality. The high 
effluent SS values are attributable to the addition of the 
chemicals to the raw sewage. It is anticipated that signi- 
ficantly better operation could be attained by adding the 
chemicals to the discharge of the aeration tanks. 

In plants E, F, and G, the ortho phosphorus level 
consistently increased from the primary effluent to the 
final effluent. This increase is likely due to a resolu- 
bilization of lime floe carried into the neutral pH regime 
of the aeration tank. Because of this resolubilization, 
it is very difficult to obtain a 1,0 mg/1 total P residual 
in the final effluent. When working within existing plants, 
without major capital addition, it is likely that lime will 
provide a 1,5 - 2.0 mg/1 total phosphorus effluent. To 
attain higher quality effluents, major capital expenditures 
may be required. 

In plant G, and in other activated sludge plants 
using lime addition to the raw sewage, it was observed that 
when influent BOD levels were low or the BOD removal in the 
primary clarifier was high, both resulting in a primary 
effluent BOD of less than 50 mg/1, the activated sludge 
system did not have sufficient buffering capacity to neutralize 
the high primary effluent pH. In several cases , the aeration 
tank pH rose to 9.5 - 10 resulting in a severe inhibition 
of the biological process . Care must be taken to insure 
adequate BOD loading to the aeration section thus providing 



adequate buffering, when using lime addition to the raw 
sewage . 

(iii) Sludge production 

In phosphorus removal studies to date, the 
sludge production and characterization has produced re- 
latively consistent results, 

a. Metal Salts 

In secondary plants utilizing metal salts, 
the pounds dry solids produced per MG (kg/cu m} of waste 
treated has generally increased by 5 - 25%. The production 
rate during P removal varied from 2000 - 3 300 lb dry solids/ 
MG (0,2 - 0.3 kg dry solids/cu m) treated. In addition to 
this increase in sludge mass, there is a decrease in solids 
concentration in the raw sludge , dropping the total solids 
content to 3.5 - 5.0% from the normal 4,0 - 5,5%, The 
combination of these two effects both tending to increase 
the net wet sludge volume by approximately 35% and has 
resulted in several digester operating problems discussed 
in the next section. 

In primary plants, the sludge production increases 
more drastically as a result of the increased solids capture 
A 100% increase in lb solids produced/MG (kg/cu m) can be 
expected , Depending upon the raw waste characteristics , 
the solids production varied from 1500 - 2500 lb solids/ 
MG (0,15 - 0.25 kg/cu m) with phosphorus removal from a 
normal 700 - 1200 Ib/MG (0.07 - 0,12 kg/cu m) . The majority 
of this increased production can be attributed directly to 
the increase in solids capture. A 20% reduction in sludge 
solids concentration can be expected. The net effect on 
sludge volume is a 150% increase. 

b . Lime 

The use of lime for phosphorus removal in 
secondary plants has produced several very marked changes 
in both sludge characteristics and sludge production. The 
sludge production increased from 1800 Ib/MG (0.18 kg/cu m) 
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to 4600 Ib/MG (0.46 kg/cu m) with the addition of 200 mg/l 
lime, while the solids content of the sludge increased from 
a normal 4.5% to 9%. The net effect was a 25% increase in 
sludge volume to be handled. 

With lime addition at a primary plant, the effects 
were even more dramatic. The sludge production increased 
from a normal of 800 Ib/MG (0.08 kg/cu m) to 2400 Ib/MG 
(0.24 kg/cu m) . The solids concentration increased to 15% 
from the norm of 7%. The net effect was a 50% increase in 
sludge volume . 

(iv) Sludge digestion and dewatering 

Because of the predominance of anaerobic digestion 
systems in the Province of Ontario, emphasis was placed on 
assessing the impact of phosphorus removal on this particular 
sludge treatment process rather than heat treatment or in- 
cineration. Table IV summarizes the steady state data 
collected from the digestion studies . 

In all cases where metallic salts were used to 
precipitate phosphorus, normal digestion operation was 
observed. Some of the problems experienced during these 
studies were inadequate heat exchanger capacity due to in- 
creased digester hydraulic loading and high gas production 
rates resulting in inadequate gas-liquid separation and 
foaming in the primary digester. 

These problems did not arise as a direct result 
of chemical addition but were compounded by the increased 
volatile solids load on the digestion system. No inhibitive 
effect of the accumulated metal salts was observed in any 
of the digesters studied, nor was a significant portion of 
the phosphorus resolubilized during the digestion process. 
Even the digester treating phosphate sludge from precipi- 
tation with the ferrous sulphate waste pickle liquor showed 
only 8.0 mg/l ortho P in the digester contents. 



TABLE IV 
ANAEROBIC DIGESTION OF CHEMICAL SLUDGES 



PLANT: 



A 



D 



Raw Sludge 
% solids 
% volatile solids 



4.4 
54.5 



3.8 
66 



7.5 
43 



10 
27 



Digested Sludge 
% solids 

% volatile solids 
ortho P (mg/1) 



16 

39.4 
1.9 



3 
54 
0.5 - 19 



5.9 
37.6 
6 - 19.9 



8 

25 

4 



00 



Supernatant 
% solids 
pH range 



Gas production 
{cu ft/day) 
{xO. 028 = cu m/day) 

% Reduction of Vol, Solids 

Primary Digester Loading 
(lb vol/ft3/d) 
(xie.O = kg/cu m/day) 

Overall Digester Loading 
{lb vol/ft3/d) 
{X16.0 = kg/cu m/day) 

Gas Analysis 



0.17 
6.8 - 7.0 



NA 

45 

0.04 

0.03 
good burning 



NA 
NA 



32,800 
39.5 

0.1 

0.04 

30% CO2 
70% methane 



5.6 
7 - 7.3 



8,029 
18 

0.054 

0.054 

35% CO2 
65% methane 



1.2 

7.5 - 8.0 



NA 

19 

0.108 

0.05 

24% CO2 
76% methane 



The digester treating sludge resulting from 
precipitation using lime in raw sewage encountered several 
operational problems early in the research study. Erratic 
lime dosing resulting in periodic massive doses of high 
pH sludge being pumped to the digester caused the digester 
pH to rise drastically. After three months of operation, 
gas production ceased and the cover had to be opened to 
allow sludge removal . Subsequent studies have shown that 
if the raw sludge is held for an extended period in the 
primary clarifier, it will partially neutralize itself 
to approximately pH 8.0 allowing proper operation of the 
anaerobic digester system. Table IV shows normal operation 
which has now been maintained for twelve months . The 
only significant change from normal operation is the high 
solids content of the digested sludge . 

Table V summarizes the operational results of 
the use of full scale vacuum filters for the dewatering of 

raw undigested chemical sludges from both a primary and a 

(7 8 ) 
secondary plant ' 

A significant increase in conditioning costs 
was experienced with alum addition to the primary plant. 
A decrease in cake solids content and filter yield was also 
noted. 

In the secondary plant, little change took place 
upon alum addition. The addition of lime resulted in a 
reduction in conditioning costs and an increase in filter 
yield and sludge cake solids . 

Raw lime sludge from a conventional secondary 

plant using lime coagulation of the raw sewage was dewatered 

(9) 
by using a continuous solid bowl conveyor- type centrifuge 

In excess of 95% solids capture was obtained using less than 

1.0 lb Anionic polymer/ton of dry solids (0.5 gm/kg dry 

solids) ; sludge cake solids of 25 - 30% by weight were 

obtained when treating 5% TS sludge. Centrate solids of 



TABLE V 
VACUUM FILTRATION OF CHEMICAL SLUDGES 



Plant (Table I) 

Type of Sludge 

Filter Yield 

lb solids/sq ft/hr 

{X4.88 2 = kg/sq m/hr 



(normal operation in brackets ) 
G B 

Lime Alum 



7.2 (5.2 



4.6 (5.2) 



M 

Alum 

5.8 (11.3 



Conditioning 
chemicals 

% lime 

% FeCL. 



9.9 (15) 
4.3 (4.5) 



17.9 (15) 
5.4 (4.5 



27.9 (6.9) 
1.1 (1.1) 



Costs $/ton 
(xO.OOll = $/kg) 



11.14 (16.08) 17.96 (16.08) 9.50 (3.10) 



Cake % dry solids 



29 



15.9 



19.2 (31.1 



Filtrate 
SS mg/1 



9630 



6810 (2660) 
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less than 1000 mg/1 were consistently obtained. Centri- 
fugation without polymer addition resulted in lower solids 
capture at simlar cake and centrate solids levels. 

(b) Studies on Non-mechanical Plants 

The phosphorus removal study on the facultative 
aerated lagoon facility was unsuccessful. Total phosphorus 
removals averaged only 4 5% with an effluent total phosphorus 
concentration of 3.0 mg/1. In addition, sludge accumu- 
lation within the aerated cells was so excessive as to 
make phosphorus removal within an aerated lagoon facility 
impractical. Sludge accumulations of 1 - 1.5 inches/month 
(2.54 - 3,81 cm/month) were obtained for a 6-month period. 
Although effluent soluble phosphorus concentrations were 
very low (0.2 mg/1)., high suspended solids content (100 mg/1) 
in the aeration cell effluent made it impossible to achieve 
low total phosphorus concentrations in the cell discharge. 
It was not possible to determine whether the high suspended 
solids in the aeration cells were the result of poor floccu- 
lation characteristics or excessive aerator mixing conditions 
possibly resulting in resuspension of chemical floe. As 
most facultative aerated lagoon facilities in this Province 
are followed by conventional stabilization ponds, it appears 
that the means of providing phosphorus removal at such 
wastewater treatment facilities would only be by direct 
chemical addition to the aeration cell effluent prior to 
entering the stabilization pond. 

Since the studies involving continuous chemical 
addition to raw sewage entering conventional waste stabili- 
zation ponds have only been under way for approximately six 
months, steady state conditions in these systems have not 
yet been attained; consequently sufficient analytical data 
are not yet available to assess the effectiveness of this 
method of phosphorus removal. However, an earlier study 
involving alum addition to the influent of the stabilization 
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pond system indicated that a high degree of phosphorus 
removal could be obtained . 

Three continuous flow lagoon systems are being 
studied using continuous chemical feed for phosphorus 
removal. Alum, ferric chloride, and lime are the three 
precipitants being used. 

In the alum study, eighteen months of data at a 
dosage of 175 mg/1 alum have shown that the raw sewage 
phosphorus level can be reduced by 80%. (9.8 mg/1 down to 
1.6 mg/1). In order to meet the 1 mg/1 effluent P require- 
ment, the dosage has recently been increased to 200 mg/1. 
This has resulted in a reduction in the effluent phosphorus 
value to 0.8 mg/1. It is expected that an effluent phos- 
phorus value of 1 mg/1 or less will be maintained. 

The use of ferric chloride in a stabilization pond 
has been underway for seven months. Prior to initiating 
continuous chemical feed, the lagoon contents were batch 
treated to reduce the phosphorus level to less than 1 mg/1. 
To date, the effluent phosphorus level has consistently 
been below 0.8 mg/1 with an average value of . 3 mg/1. 
Average BOD and SS values of 15 mg/1 and 25 mg/1 respectively 
were obtained. 

The addition of 175 mg/1 lime to the raw sewage 
fed to a stabilization pond for a period of six months 
has resulted in a gradual reduction in the effluent phosphorus 
level to 3.0 mg/1 from a normal 5.0 mg/1. A further re- 
duction in effluent phosphorus levels is expected. 
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CONCLUSIONS 

1. A satisfactory predictive technique has been developed 
that allows a rational selection of prime coagulant to 
be used for phosphorus removal at a WPCP. 

Z. Phosphorus removal was readily implemented with minimal 
capital expenditure at all municipal WPCP ' s studied. 

3. Satisfactory effluent quality was attained by the acti- 
vated sludge process and its modifications when phosphorus 
removal was practised. Increased sludge production was 
experienced in all systems with the sludge quality and 
quantity dependent upon the chemical used for phosphorus 
removal . 

4.- Anaerobic digestion of chemical sludges associated with 
phosphorus removal was successful; no significant phos- 
phorus release was observed during anaerobic digestion. 



REFERENCES 

1. "Pollution of Lake Erie, Lake Ontario and the Inter- 
national Section of the St. Lawrence River", Vol. I, 
Summary, 1969. 

2. Canada/United States International Agreement on Great 
Lakes Water Quality, April, 1972. 

3. Canada/Ontario Agreement on the Lower Great Lakes, 
August, 1971. 

4. "Simplified Procedures for Water Examination", AWWA 
Manual, M12, p 42, 1964. 

5. "Guidelines for Conducting Treatability Studies for 
Phosphorus Removal", Ontario Ministry of the Environ- 
ment, Sanitary Engineering Branch, April, 1972, 

6. "Lime Treatment for Phosphorus Removal at the Newmarket/ 
East Gwillimbury WPCP", Ontario Ministry of the Environ- 
ment, Research Branch, May, 1972. 

7. "Phosphorus Removal Studies at Little River Sewage Treat- 
ment Plant", Public Works Department, City of Windsor, 
1972. 

8. "Nutrient Removal at Windsor Sewage Treatment Plants", 
Public Works Department, City of Windsor, July, 1972. 

9. "Centrifuge Dewatering of Lime Treated Sewage Sludge", 
Ontario Ministry of the Environment, Research Branch, 
May, 1972. 

10. "The Effects of Influent Alum Injection on the Effluent 
from Continuous Discharge Lagoons", Ontario Ministry of 
the Environment, Research Branch, February, 1973. 



34 



PHOSPHORUS REMOVAL 
SECONDARY EFFLUENTS 



by 

Earl E. Shannon 



Wastewater Technology Centre, 
Environmental Protection Service, 



PHOSPHORUS REMOVAL ON SECONDARY EFFLUENTS 

1.0 INTRODUCTION 

Generally, total phosphorus removal down to an effluent guide- 
line of 1 mg/1 can be achieved by primary or simultaneous (addition of 
chemicals to the aeration tank) precipitation. Post- (chemical addition 
to the secondary effluent) phosphorus precipitation only becomes neces- 
sary when more stringent effluent phosphorus levels are advised (e.g., 
wastewater treatment plant discharging to a small eutrophication-prone 
receiving stream or lake) . Although it is usually assumed that post- 
precipitation processes have higher capital costs than primary or simul- 
taneous systems and are more complex to operate, some countries -- for 
example, Sweden, with over one hundred post-precipitation plants in oper- 
ation -- use the process routinely. Effluent total phosphorus levels in 
the order of .1 to .5 mg/1 and BOD's less than 10 can be expected from a 
post-precipitation process. 

Post precipitation requires the addition of separate equipment 
onto the existing secondary plant and most of this equipment and design 
criteria are drawn from the water treatment field. Some alternatives for 
post-precipitation are depicted in Figure 1, with the individual compon- 
ents being flash mixing, flocculation and clarification or the three com- 
bined in a reactor clarifier, pH adjustment (optional, depending on chem- 
ical or desirability of lime recovery) and filtration. Although the 
chemical precipitation steps may give good phosphorus removal alone, 
filtration is usually added to remove any carry-over floe to give total 
phosphorus residuals as low as .1 mg/1. Design aspects of the various 
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SECONDARY EFFLUENT 



stages in post precipitation will be discussed individually in the subse- 
quent sections. 

2.0 CHEMICAL PRECIPITATION 

2. 1 Selection of Chemical Precipitant 

Traditionally, lime or alum are used as the chemical precipi- 
tants in post -precipitation schemes. Iron salts (e.g., FeCl ) are seldom 
used because of the potential colouring effect that the iron doses may 
have on the final effluent. The choice between lime and alum will be 
based on (i) relative jar test effectiveness of the two chemicals on the 
wastewater to be treated, [ii) on the size of the plant, as it may affect 
chemical recycle [i.e., it is feasible to recarbonate, calcine and re- 
cover lime for a plant size in excess of 10 MIGD, Culp et al (1972), 
whereas present technology does not make alum recycle economically attrac- 
tive at any size]. Design of the process, to be compatible with existing 
sludge-handling equipment, may dictate the chemical selected -- for 
example, tertiary lime sludges are denser and easier to dewater than 
their gelatinous alum counterparts. 

Wastewater alkalinity, hardness, pH and other commiticant fac- 
tors will influence the efficiency of the chemicals and, as a rule, the 
alum dose to phosphorus concentrations are more stoichiometric than in 
primary or simultaneous precipitation systems. There is still, 
nevertheless, some inherent (non-stoichiometric) chemical demand. Typi- 
cally, alum doses of 200-300 mg/1 are required to achieve total phos- 
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phoTus residuals (after filtration) down to .1 mg/1 . Lime doses are pH 
dependent and doses up to 500-600 mg/1 are required to achieve the pH of 
11.0 to 11.5 required for low phosphorus residuals. Although comparable 
phosphorus removal may he achieved at lower lime doses (300-400 mg/1), it 
is customary to use the high pH lime treatment (11.0) when lime recovery 
is to be practiced. 

Gulp (1972) has suggested that a good estimate of final efflu- 
ent quality (chemical treatment plus filtration) may be obtained by 
analyzing the jar test supernatant after filtration through a Whatman #2 
filter paper. 

The chemical feed system, pump sizing and storage requirements 
will be governed by daily chemical consumption and these aspects have 
been discussed in previous sections of this seminar. 

2 .2 Flash Mixing Requirements 

Water treatment technology is generally applied when designing 
flash mix and flocculation units. Criteria for flash mixers may be 
summarized as follows: 

(i) detention time - 2 minutes at average plant flow with slightly 
higher retention times for lime (3 to 4 minutes) and possibly 
lower times (down to 1 minute) for alum. To provide flexibility 
and overcome repair problems, it is suggested that provision be 
made for two parallel units each designed to operate at a nominal 
capacity of one-half design flow; 
(ii) mixer characteristics - should be properly baffled to prevent 
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short circuiting -- mixer type and horsepower requirements are 
manufacturer-dependent, with typical shaft speeds being 300 to 400 
RPM and horsepower requirements of .25 - 1.0 HP/MIG (two typical 
conceptual designs are shown in Figure 2] ; 

2.3 Flocculator Design 

After flash mixing, flocculation is employed to provide increased 
collisions between individual particles to incorporate them into a larger 
more rapid settling floe. At the same time, the kinetic energy provided 
in the flocculation step must not be high enough to cause floe break-up. 
The velocity gradients in the flocculation chamber are generally achieved 
by a system of slowly rotating wooden (redwood) paddles. Some traditional 
water treatment style designs employ horizontal paddles, whereas some 
more recent designs are of the vertical paddle type. Some design criteria 
for flocculators are summarized below: 

(i) detention time - 15 minutes is generally the maximum required 
with a minimum in some cases as low as 5 minutes at average plant 
flow. Again, it may be prudent to design parallel units with a 
nominal capacity of one design flow each; 
(ii) mixing characteristics - properly baffled tank to prevent short 
circuiting; basin depth 8 to 12 feet; paddle peripheral speeds 
of .6 PPM or provision for variable paddle speeds; paddle spacing 
for larger basins in the order of 24". (See the typical design 
in Figure 3.) 
(iii) polymer addition - provision should be made for adding polymer 



(anionic or cationic) in a dose range of .1 to .5 mg/l at the 
influent or effluent or both ends of the flocculator. Design 
aspects of polymer feed systems have been covered in a previous 
discussion. A typical flocculator design is shown in Figure 3. 

2.4 Clarifier Design 

Good solid-liquid separation is essential to the overall success 
of any chemical precipitation scheme. Consequently, design of the clari- 
fier is most critical and Gulp (1972) and others suggest that clarifiers 
be designed on the basis of maximum plant flow . Carry-over of solids 
from the clarifier can cause fouling of the downstream filter (if one is 
employed) or decreased phosphorus removals if clarifier effluent is dis- 
charged directly. Design criteria for clarifiers are listed below: 
(i) overflow rates for conventional clarifiers 

- for alum precipitated secondary effluent an overflow rate of 700 

2 
Igpd/ft is recommended; 

- lime precipitated secondary effluent overflow rates may range as 

2 
high as 900 Igpd/ft with the maximum hourly rate not to exceed 

1400 Igpd/ft^. 

(ii) overflow rates for tube settlers 

- generally 1.5 to 4 x higher than for conventional clarifiers 

and no rigid design data are available; however, rates in the 

2 2 

order of 1500 Igpd/ft to as high as 4000 Igpd/ft have been 

suggested. (NOTE: Square footage refers to tube entrance area.) 
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(iii) sludge collection and pumping 

collection equipment should be of bottoin scraper type; 
the sludge from a lime precipitation unit may vary from 1 to 5% 
solids with the total volume requiring handling being possibly 
as high as 7-8-6 of total flow; 

sludges from alum precipitation may vary from .5 to 1.0% solids; 
some investigators report that estimates of sludge quantity can 
be obtained from jar tests; however, this is risky and it is 
suggested that pumping capacity be of variable capacity designed 
to handle a maximum flow up to 9% of wastewater flow. 
(iv) sludge recycle 

it may be desirable, with lime systems in particular, to recycle 
a portion of the sludge back to the rapid mix unit. A maximum 
recycle flow of sludge would be in the order of 10% of total 
sludge flow. 

2.5 REACTOR-CLARIFIER DESIGN 

As shown in Figure 1, the chemical precipitation step may be 
accomplished in a single unit incorporating flash mix, flocculation and 
clarifier steps (i.e., a reactor-clarifier) . Many types of reactor- 
clarifiers are available from various manufacturers and it is beyond the 
scope of this discussion to deal individually with the various types. 

The obvious advantage to a reactor-clarifier design is the 
conservation of space and total capital cost; however, the unit has an 
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obvious disadvantage. For example. Gulp and Gulp (1971) report that there 
is difficulty in maintaining a sludge blanket in the solids contact type 
because of fluctuations in the composition of the influent wastewater, 
A conventional chemical precipitation system usually offers more flexi- 
bility (i.e., manipulation of chemical and polymer dose and points of 
application) than a reactor-clarifier . 

Very few design criteria exist for reactor-clarifiers and the 
design engineer must usually rely upon individual manufacturers for de- 
tails of an integrated system and. In many cases, this system was initially 
designed for water treatment. A cutaway of the Graver Reactivator used in 
the Shagawa Lake Restoration Project [Wilcox (1972)] is shown in Figure 4^ 

3.0 RECARBQNATION 

Vflien alum is used as the chemical precipitant, there is no need 
for pH adjustment on the clarifier effluent. However, when lime is used 
in a tertiary application, it is generally necessary to adjust the pH 
prior to filtering or discharge to the receiving water. If pH adjustment 
is the sole criterion, single-stage recarbonation (i.e., lowering of pH 
from the ambient levels down to approximately 7.0) is generally employed. 
If recovery of calcium carbonate which can be later recalcined to CaO is 
desirable, then two-stage carbonation (i.e., lowering of pH from 11.0 to 
11.5 to 9.3 in the first stage and drawing off the GaCO, and further pH 
reduction in the second stage to approximately 7.0 to dissolve any residual 
CaGO floe) is employed. In single-stage recarbonation, there is no 
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requirement for an intermediate settling basin. Some design consider- 
ations for recarbonation follow. For an extensive treatment of the topic 
see Gulp and Gulp (1971). 

(i) Sources of Carbon Dioxide 

- liquid CO^, bottled CO^ flue gas, recalciner gas, or fuel burner; 

- selection of a particular source will be largely determined by 
the plant size. 

[ii) Carbon Dioxide Requirements 

- quantities may be estimated from the two following chemical 
equations : 

Ga(0H)2 + GO — > CaCO^ + H^O 

CaCO^ + CO2 + H^O ^ CaCHCOj)^. 

To convert Ca(OH) to CaCO_ (recovery of lime) requires 4.4 x 
(hydroxide alkalinity of the effluent mg/1 as CaCO^) lb/million 
Imperial gallons and to convert Ga(0H)2 to CaCHCO,)^ (single- 
stage) requires 8.0 x (hydroxide alkalinity) lb/million Imperial 
gallons. To account for inefficiencies in gas transfer, a safety 
factor of approximately 20% should be added to the calculated 
quantities, 
(iii) Reaction Basin 

- Gulp and Gulp (1971) recommend that the depth of water in the 
C0„ reactor be at least 8 ft. deep to ensure good GO^ absorp- 
tion; (For a typical design see Figure 5) 

- the detention time in the reactor and clarifier for CaGO„ 
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recovery should be at least 30 minutes with an overflow rate less 
than 2000 I gal/ft^/day; 

- retention times recommended for CO reaction are in the order of 
15 minutes; 

- CO feed may be controlled by a pH senser with feed-back to a 
gas regulator. 

Civ) Diffusion Systems 

- C0_ diffusion systems usually consist of a grid (1.5' square) 
of perforated pipe on the floor of the reaction basin; 

- 3/16" perforations rated at 1.1 to 1.6 cfm and spaced at 3" 
intervals appear to be adequate for good CO. distribution and 
absorption; 

- consideration must be given to corrosion resistance when hot 
and/or moist CO^ sources are used. 

4.0 FILTRATION 

As indicated in Figure 1, the effluent from the clarification 
stage may be filtered before ultimate discharge. The filtration will re- 
move any carry-over particulate matter (floe, or other suspended solids) 
thus making possible lower effluent residual phosphorus and turbidity 
levels. It should be pointed out that when lime is used as the precipi- 
tant, followed by recarbonation, most of the carry-over calcium-phosphate 
floe will be resolubilized in the recarbonation step and little, if any, 
additional phosphorus removal will be achieved by filtration. In this 
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case, the filtration will serve only to remove carry-over CaCO and turbi- 
dity. 

Several types of filtration have been applied to the treatment of 
chemically treated effluents and, overall, the dual or mixed-media type 
appears to be most applicable. Traditional slow sand filters are costly 
to install and operate and are relatively inefficient. With rapid sand 
filters, most of the headloss will occur in the upper inch of the bed 
leading to short filter runs and frequent backwashing. Microscreens have 
a tendency to break up alum floes, thereby permitting the material to 
pass the screen. 

4.1 MIXED-MEDIA FILTRATION 

The design of the mixed-media filter is similar to a rapid sand 
filter except that the media are graded from coarse at the top to fine at 
the bottom, using different density and sized particles. A typical design 
is shown in Figure 6. Because of the gradation in pore size a greater 
depth of the filter bed is effective in suspended solids removal. Mixed- 
media filters can be operated in gravity or pressure modes with the pres- 
sure units generally being used at smaller installations. Some design 
considerations for mixed-media filters follow: 

(i) flow rate 

2 2 

- maximum of 2.5 I gpm/ft for gravity flow and 4.2 I gpm/ft for 

2 
pressure filters; however, rates as high as 8.0 I gpm/ft may be 

employed at periods of peak flow for pressure filters; 
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Cii) depth 

- generally a 30-inch depth is sufficient for most applications; 
Ciii) backwash 

- provision should be made for backwash storage (usually treated ef- 
fluent) sufficient to backwash the filter for 5 minutes at a flow 

2 
rate of 3 to 4 X treatment flow (i.e., 12 - 16 I gpm/ft ) ; 

(iv) surface wash 

- to break up any surface build-up on the filter a surface backwash 

system which starts before actual backwashing (1-2 min. dur- 

2 
ation) and discharges at the rate of 1 - 2 I gpm/ft is 

recommended; 

(v) flow equalization 

- storage facilities should be provided to equalize any flows that 
are greater than 1.5 X filter design flow. See Gulp and Gulp 
(1971) for further details on equalization; 

(vi) filter aids 

- provision should be made for adding a polymer as a filter aid 
directly before the filter at a dose range of .01 to .1 mg/1. 

4.2 OPERATIONAL GQNSIDERATIONS 

Generally, it is desirable to monitor the effluent quality from 
the filter via continuous turbidity measurements. Headloss settings and 
polymer dosages are then manipulated so that filter break-through and 
the backwash initiating headloss occur almost simultaneously. The 
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relationships between polymer dose and headloss setting are depicted in 
Figure 7. 

Backwash and surface wash sequences are generally completely 

automated. The quantity of backwash and surface wash water may vary 

anywhere from 1 to 10% of the total flow treated, depending on the quality 
of the filter influent. 
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INTRODUCTION 

This paper is concerned with those areas related to detail 
design for phosphorus removal, and presupposes that the 
fundamental process aspects are well in hand. Topics will 
include : 

a) Effects of encrustation and corrosion 

b) Representative chemical feed systems 

c) Effect of chemicals on plant elements 
such as air diffusers, pumps, tanks, 
piping, etc. 

It is apparent that phosphorus removal from municipal sewage 
requires relatively large dosages of chemicals - say 100 to 
300 mg/1 of lime as Ca(0H)2f and 10 to 20 mg/1 of alum as 
Al'''^ or ferric chloride as Fe+3 _ so this paper will 
emphasize schemes involving the storage and feeding of large 
amounts of chemicals received in bulk form. 

Should this paper overlap with others in this seminar, please 
accept my apologies - but the opportunity to attack a 
"miscellaneous design" paper gives the writer a rare excuse 
to stray beyond the normal guidelines! 
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LIMC TREATMENT 

SUMMARY OF PROCESS 

Lime treatment involves adding lime slurry to raw sewage 
upstream of primary settling, and may be supplemented by lime 
sludge recirculation to maximize dosing efficiency or by lime 
recovery using thermal methods to minimize chemical costs. 

When lime is applied to raw sewage , it functions to preci- 
pitate the temporary hardness, raise the pH to about 9, tie 
up the dissolved phosphorus chemically, and drop it out as a 
lime sludge. It is noted that higher dosages are required for 
those sewage streams having higher temporary hardness . 

After primary settling, the main stream of relatively high pH 
(say 9) enters an aeration tank where the carbon dioxide pro- 
duced tends to neutralize the alkaline sewage and reduce its 
pH to about Ih, thereby obviating biological upset. Any lime 
carry-over from the primaries is thought to be converted to 
the bicarbonate state in an aeration tank, so no encrustation 
is experienced. 

BASICS 

a) Total Hardness i) Temporary (or carbonate) 

(usually Ca+^ & Mg^+ ions) _ c^(hC03)2 

- Mg(HC03)2 

ii) Permanent (or non- 
carbonate) 

- Ca SO4, Mg SO4 

- Ca CI2 Mg CI2 

In general, the predominant constituent is temporary hard- 
ness which, for example, amounts to 100 mg/1 in Lake 
Ontario relative to a total hardness of 135 mg/1. 
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b) Effect of Lime on Temporary 
Hardness in Raw Sewage 

Ca(0H)2 + Ca{HC03)2 = 2CaC03 j. + 2H20* 

The precipitated carbonate shows up as a slime which is 
rather soft when submerged, but relatively hard when 
exposed to air. 

The amount of slime is a function of lime dosage and 
resultant pH, there being less build-up at higher pH 
levels (9.5 to 10) and virtually no build-up at 10.5 to 
11. Since most primaries are at or below a pH of 9,5, 
some sliming can be expected. It is noted that lime 
sludge recirculation tends to reduce slime build-up. 

c) Effect of Carbon Dioxide on 
Lime-Treated Sewage 

C02 + Ca(0H)2 = CaC03 | + H20 

C02 + H20 + CaCOs = Ca(HC03)2 

When sewage cascades in air, over primary effluent weirs 
for example, some of the excess lime may be converted to 
slime as shown above. 

The desired effect in lime softening plants is to drop out 
excess lime as shown above (recarbonation) , however, it is 
necessary to keep the pH over 9 or bicarbonate will result 
instead. 

The opposite is thought to be the case for lime carry-over 
to a sewage aeration tank, as the pH is driven down well 
below 9 by the neutralizing action of carbon dioxide 
released from the waste water. 
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The resultant formation of bicarbonate instead of carbon- 
ate is very important in diffused air plants, as the 
carbonate would very cfuickly clog fine-bubble air 
diff users . However , this has not been experienced in 
actual operation, and Richmond Hill S.T.P. - for example - 
has operated with lime for about 8 months without 
diffuser clogging. 

However , one should be careful of adding lime directly to 
aeration tanks such as was done some years ago at the 
Mill Creek S.T.P. in Cincinnati, Ohio. Here the temporary 
hardness was still in the sewage, and the resultant slime 
dropout clogged the fine-bubble diffusers in a matter of 
minutes ! 

EXPERIENCE OF NEWMARKET S.T.P. 

Background 

Type of plant: Conventional activated sludge using 

mechanical aerators . 
Rating: 2 MIGD 
Raw Sewage: - pH @ 8.3 

- hardness @ 300 mg/1 

- alkalinity (a 450 mg/1 

Lime dosage: approx, 200 mg/1 - as Ca(0H)2 
Settled Sewage: pH O 9 (i.e. after lime treatment) 

Encrustation 

The problem of slime build-up has been surprisingly small at 
Newmarket, 



4. 



a) Tanks 

There is virtually no build-up on submerged surfaces in 
tanks, and what does form is relatively soft. However, 
slime does build up at points where sewage cascades in 
air such as primary influent channel discharge point 
{approx. 18" drop into feed well) and primary effluent 
weirs. The action here is thought to be a result of C02 
in the air combining with excess lime as described before. 

It is practice for plant operators to knock off the build- 
up in channels etc. once a week, but the task is not 
considered onerous, 

b) Process Equipment 

A build-up of lime chunks was initially experienced on the 
blades of the mechanical mixer in the Rapid Mix Tank. 
This was thought to be undissolved lime - Ca(0H)2 - rather 
than precipitated carbonate - CaC03, This bothersome and 
unsightly problem was eventually overcome by means of lime 
recirculation (faster increase of pH) , and better dis- 
persal of lime slurry at application point using a coarse- 
bubble air diffuser. Presently, there is no problem here. 

No untoward problem has been experienced with clarifier 
mechanisms in respect of encrustation or corrosion, so 
conventional apparatus should continue to be used. 
However, it is of interest to note that at Atlanta's 
Chattahochee lime-softening water treatment plant, steel 
circular mechanisms were replaced in a short period of 
time with stainless steel units due to recurring corrosion 
problems. 
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c) Main Conduits 

With respect to main sewage conduits between Rapid Mix and 
Primary Tanks, it is important to use open channels rather 
than enclosed pipes whenever possible in order to be able 
to clean out build-ups of carbonate and undissolved lime. 
At Newmarket the influent pipe to the square-X primary 
clarifier is submerged, and access through an elbow for 
cleanout purposes is difficult. It was necessary to con- 
struct an open channel above water level to supplement 
the constricted pipe under high flow conditions. In new 
plant design, this will be a difficult problem to resolve 
as the open channel gets in the way of the moving surface 
skimmer. 

Sludge Pumps 

Sludge from lime treatment is surprisingly high in solids , i.e. 
up to 15% solids from the primaries and up to 28% from the 
digesters. It is of interest that a lime sludge is easier to 
pump than an ordinary sludge which becomes gelatinous and un- 
predictable at higher concentrations . The lime sludge can be 
handled by conventional positive-displacement plunger pumps for 
primary tank service , and by standard centrifugal non-clog 
pumps for digestion tanks , as operation in both cases is inter- 
mittent. Where continuous pumping is intended such as lime- 
sludge recirculation, a centrifugal pump of abrasion-resistant 
construction is required such as Ni-hard. For such service, 
there is a weighing of the better solids passing capability of 
a torque-flow pump against the better suction lift capability 
of a non-clog enclosed-impeller pump. At Newmarket S.T.P. 
the torque- flow unit has given excellent service , so this 
would appear to be the better choice. 
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LIME SYSTEMS 

Chemical Details 

Hydrated Lime: Ca(0H)2 @ 35 Ib/cu.ft. and 68% CaO 
Quick Lime: CaO @ 55 Ib/cu.ft. and 90% CaO 

Alternative Systems 

Reference is made to Fig. 1 "Representative Lime Systems" 
attached hereto showing alternatives for bulk lime. This is 
thought to be appropriate for most plants as bulk hydrated 
lime - Ca (OH) 2 - is often used for plant consumptions over 
1/4 ton per day (avg.), and bulk quick lime - CaO - is often 
used over 1 tank truck per month or 1/2 ton per day (avg.). 
For those plants which consume less, a conventional feed 
system involving bagged storage, manual loading hopper and 
volumetric feeder located close to application point is often 
used . 

a) Fig. lA : Hydrated Lime - Wet Storage 

In this system, hydrated lime is stored as a lime-slurry 
in a tall steel circular tank outside having a special 
abrasion- resistant pump directly below. The pump func- 
tions to recirculate tank contents continuously thereby 
avoiding deposition, and to supply a day tank intermit- 
tently when required. The tank truck unloading sump with 
rapid mixer can be located at ground level using an auto 
level control valve or at the top of the storage tank 
using weir overflow control. In either case, the main 
storage tank is filled with a known quantity of water 
which is recirculated through the unloading sump until the 
bulk truck is empty. The main storage tank can be outside, 
but requires heat and insulation. 
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FIG-I REPRESENTATIVE LIME SYSTEMS 



There is a variation of this system using a circular squat 
ground storage tank, however this requires a large 
mechanical mixer to avoid deposition - 

Advantages of the system include carbonate deposition in 
the large storage tank rather than in the piping, and 
avoidance of handling problems with lime powder due to 
absorption of airborne water vapour and carbon dioxide 
when in dry storage . 

Such a system has functioned well at London's Greenway 
S.T.P. where the primary lime slurry at about 25% solids 
is diluted in a day tank prior to final feeding with 
special diaphragm pumps having dual check valves. 

b) Fig. IB : Hydrated Lime - Dry Storage 

In this case, the main storage tank can be slightly 
smaller and requires no heating or insulation, however the 
cone angle must be steeper and a mechanical vibrator used 
to ensure against hang-up arching- A slurry is made up on 
a batch basis in day tanks. 

This system features simplicity, but has one disadvantage 
in that some chemical feeder pumps , having restricted dis- 
charge head capability of about 25', can be situated too 
low in the building. 

c) Fig. IC : Quick Lime - Indirect Feed 

In some systems, the lime slurry make-up (feeder/slaker) is 
remote from the application point, thus requiring a lime 
slurry transfer system. A number of problems were 
experienced in such an installation which may be worthwhile 
reviewing here : 



If there is no vibrator on the storage tank cone, 
a sledge hammer is the only alternative in avoid- 
ing hanq-upl 

There were problems with a belt feeder. Operators 
developed an effective worm feeder for quick lime 
service. 

Detention slaker did not function well as slaking 
temperature was always too cold. 

Grit removers were found to be a definite necessity 

Lime slurry pioing should be as simple as possible; 
no cross-overs, minimum valves, etc. It should be 
accessible using a step ladder (i.e. not more than 
8 ' above floor) , 

Rubber hose is preferred to Series 120 PE pipe 
which is too difficult to work with. 

Provide two pipelines, one for duty and other 
for standby. 

Avoid small {3/4") vertical lines with valves at 
bottom, as lime tends to pack on the top of the 
valve after shut-off and cannot be resuspended. 

Flush out all piping after shut down. 

The use of water softeners on supply water to the 
slaker {for avoiding carbonate build-up) was found 
to be not really required. 
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d) Fig. ID : Quick Lime - Direct Feed 

Where it is possible to locate the feeder/slaker near the 
application point, as shown here, this is the preferred 
system to use. Problems associated with transferring lime 
slurry are virtually eliminated, as a simple length of 
flexible rubber hose is all that is used. 

This system has functioned well at the new Saint John, 
N.B. Spruce Lake Water Treatment Plant. In particular, 
the paste-slaker , which uses minimum supply water and 
therefore attains high operating temperature, has given 
good service. 

It is of interest that hydrated lime can also be used 
when desired in this system, in which case the slaker 
becomes a nominal wetting agent only. 

PIPING 

For lime slurry transfer service in sizes 2%" and over, we 
have found a good piping system to be pipe of Schedule 40 
black steel, Victaulic (mechanical-groove) connectors, and 
mechanical-groove fittings of malleable iron. Valves would be 
straightway diaphragm type with C.I. body, or possibly 
mechanical-groove butterfly type. 

For 2" dia. and under, flexible rubber hose is best for long 
runs, as it may be readily dismantled, run over with a truck 
before clean-out and restored to service. Another system 
worth considering is Schedule 80 ABS pipe with special Vic- 
taulic connectors and long sweep elbows. The ABS provides a 
smooth wall together with good impact resistance so that it 
may be rapped smartly with a mallet for cleanout, and the 
Victaulic connectors provide for quick disassembly. 



Velocity of lime slurry should be reasonably high to avoid 
deposition and in any case above 2h fps. This is sometimes 
difficult to achieve, particularly in feed pump lines, however 
diluting the slurry can help. Also, high capacity flushing 
points are mandatory, and should always be used after shut- 
down. 
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ALUM OR FERRIC CHLORIDE TREATMENT 

SUMMARY OF PROCESS 

Multivalent metal ions from salts such as alum and ferric 

chloride, which tie up the phosphorus chemically, are often 

added before the final clarifier in the secondary portion of 
a plant. 

BASICS 

Liquid Alum: Al2{S04)3.14 H20 @ 1.3 SG and 48% 

commercial strength 
Liquid Ferric Chloride: FeCl3 @ 1.4 SG and 40% 

commercial strength 

There are, of course, other chemicals such as ferrous sulphate, 
but these will not be dealt with in this paper. 

CORROSION 

General 

Both chemicals are highly corrosive and generally require the 
inert plastics for containment. Ferric chloride is so potent 
that it will atack even Type 316 stainless steel. 

Ferric Staining 

Wherever ferric is handled at a plant, there is a pervasive 
objectionable staining of concrete and other surfaces which is 
virtually impossible to remove . About all one can do is to 
provide shallow containment sumps in critical areas - tank 
truck unloading, storage tanks, metering pumps, etc. - to 
catch the drips and spills. Such sumps should be provided 
with a depression where ferric droppings can be extracted 
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periodically by inert plastic ejector and discharged to the 
main sewage stream. 

It is of interest that experience at Newmarket S.T.P, indi- 
cates activated sludge to be a good clean-up agent for ferric 
spills - this being discovered quite accidentally by plant 
operators. 

One aspect at Newmarket which surprised the writer was the 
rusty-red colour of the mixed liquor in the aeration tanks as 
a result of some prototype test work being carried out with 
ferrous salts. However, no untoward corrosion effect on sub- 
merged equipment is evident. 

FEED SYSTEMS 

Reference is made to Fig. 2 "Representative alum or ferric 
chloride systems", showing open and pressurized storage 
alternatives for these chemicals. 

Tank size is related to both average plant consumption and 
bulk tank truck delivery - the latter being in lots of approx. 
3100 I. gal, , Unit storage tank volumes therefore range be- 
tween 5000 and 13,000 I. gal., the latter restricted by truck- 
ing between fabricating shop and plant site. 

a) In Fig, lA "Open Storage", the storage tank is of 

vertical configuration in FRP construction, as this is 
most economical for the subject service. This system 
requires centrifugal transfer or positive-displacement 
feed pumps taking suction directly from the tank. 
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b) Where such puinps are not desired, the air pad system as 
shown in Fig. IB "rressurized Storage" is often used, and 
the chemical solution is metered through a flow-meter, 
controller, and throttling valve arrangement. The storage 
tank is shown to be of rubber-lined steel as this is 
generally most suitable for pressure service above 15 psi. 
The tank should be fabricated in accordamce with the ASME 
Unfired Pressure Vessels Code and, as such, both pressure- 
relief valve and rupture disc are needed. Although 33 per 
cent more expensive than an open FRP tank, the pressurized 
RL steel tank features greater robustness, lesser spill 
potential, and lesser staining around the storage area 

(i.e. no pumps) . 

The pressurized storage system has been used successfully 
on ferric chloride service in some large sewage treatment 
plants. 

c) Exterior storage tanks for alum and ferric chloride should 
be heated and insulated during cold weather - although the 
need on ferric service is marginal. FRP tanks can be 
fitted with low density electric heaters (either surface 
mounted or resin embedded) and covered with rigid 
polyurethane foam. This can be done in the fabricator's 
shop, so the cost extra is not excessive. On the other 
hand rubber-lined steel tanks are generally fitted in the 
field with standard heating (electric or steam) and 
standard insulation. 

FRP STORAGE TANKS 

a) Most fibreglass tanks are vertical units fabricated by 
hand-layup of laminate, as this is the most economical 
method. Representative costs are as follows: 
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Up to 2000 I. gal - 750/1. gal. 
Around 4000 I. gal. - 50<:/I. gal. 
6000 to 10,000 I. gal - 40<:/I. gal. 

These tanks are significantly cheaper than rubber-lined 
steel but considerably more expensive than ordinary 
steel. The volume of fibreglass tanks produced is 
important to price because tooling costs are so high. 
Dimensional restraint for shop fabrication is 12' dia- 
meter when delivery by truck is intended, and tank 
height is often l^g times diameter. 

b) Filament-woui>d FRP tanks using special machines are more 
expensive than standard hand-layup tanks, but are about 
three times as strong. They are widely used for hori- 
zontal tanks, or for vertical tanks over 20' in height, 
or wherever the stress in the tank wall becomes rela- 
tively high. However, they are rarely used for pressure 
service above 15 psi, even though Section 10 of the ASME 
Unfired Pressure Code covers FRP tanks, because a fabri- 
cator is required to construct and pressure test to 
failure the first tank in a batch - an expensive reciuire- 
ment. 

c) Resin 

Most tanks are of polyester, with vinyl ester being used 
for the more difficult chemicals such as sodium hypo- 
chlorite. Epoxy ester is rarely used. 

d) Robustness 

There have been complaints that FRP tanks are not suffi- 
ciently robust, particularly when moved from one place to 
another. This is probably more related to the quality of 
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fabrication than to the material itself. To ensure a 
good quality tank, one should specify construction to 
Canadian Govt. Std. 41-GP-22 "Process Equipment, Rein- 
forced Polyester, Chemical Resistant, Custom-Contact 
Moulded", and a thickness of at least 1/4". (Note that 
Std. 41-GP-22 permits as low as 3/16" thickness for 
certain areas of tanks which is thought to be inadequate) , 

Another point worth noting is that liquid alum is some- 
times delivered at very hot temperatures {i.e. over 200o f 
At one plant, this caused a vertical FRP Tank to expand 
to such an extent that the tank bottom dished upwards, 
popped the anchor bolts, and tilted over. Fortunately, 
when the solution cooled, the tank settled back into 
place! Therefore, care should be taken before all load- 
ing that tank truck contents are at a reasonable tempera- 
ture, 

OTHER STORAGE TANKS 

a) Polyethylene 

- PE tanks are available as free-standing up to 
400 I. gal. and as externally reinforced up to 
1000 I. gal. These are useful for smaller 
plants. 

b) PVC lined-wood stave 

- Loose PVC liners approx. 40 mil thick are 
inserted into wood stave tanks. This represents 
a very economical set-up, and has been used 

on liquid alum service up to 10,000 I. gal. 
unit size at certain large treatment plants. 
The possibility of lining tear and wood rot 
should be recognized. 
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c) Rubber-fabric 

i) Bladder tanks are available in unit sizes 
up to 9000 I , gal * and have been generally 
used for storing liquid fuels. Their use 
on corrosive chemicals may be possible, 
although difficulty with tank insulation 
and pipe connectors could introduce compli- 
cations,: 

ii) Ground impoundments lined with rxibber 

fabric sheets may find application, but 
they are generally restricted to very high 
storage volumes. 

d) FRP-lined concrete or steel 

- Monolithic linings of the thermosetting fibre- 
glass reinforced-plastic type with appropriate 
fillers have been used for lining very large 
storage tanks such as liquid alum storage at 
Metro Toronto's Westerly Water Filtration 
Plant. The substratum or backing may be 
concrete or steel, the former being the case for 
Westerly, This lining system has a strong 
advantage in that it may be applied in the field 
to large structures, and has broad potential 
application for corrosive chemicals. 

PIPING 

For alum or ferric chloride solution service , pipe should be 
of Schedule 80 PVC , with fittings of extra-heavy moulded PVC , 
and valves of the PVC ball or diaphragm type. Connections 
are solvent-welded, with flanges at intervals. 
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Field assembly should be at ambient temperatures above 50° F 
in order to ensure reliable solvent-welding. 

Expansion provisions should be carefully and thoroughly 
provided in the form of offset U-bends or telescopic 0-ring 
expansion joints at regular intervals. The latter requires 
anchors at changes of direction. 

Heat tracing should be by low-density electric tapes, 
with insulation of the impermeable type such as poly- 
urethane foam or foamed-elastomer . 
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SUMMARY 

LIME TREATMENT 

. Provide open channels for main sewage stream rather than 
closed pipes to facilitate clean-out. 

. Avoid cascading of main stream with attendant slime 
build-upi, 

. Consider Ni-hard torque- flow pumps for continuous service 
on abrasive lime sludge. 

. Locate lime feeder as close as possible to point of 

application. When impractical, keep lime slurry transfer 
piping as simple as possible. 

. Consider rubber piping for lime slurry, particularly in 
smaller sizes. 

ALUM OR FERRIC CHLORIDE TREATMENT 

. The inert plastics are very suitable for corrosion- 
resistance^ 

. Special precautions are required for ferric chloride 
to avoid staining. 

. Use vertical FRP tanks for open (vented) storage, and 
rubber-lined steel tanks for pressurized storage . 

. Use PVC piping systems throughout. 
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PHOSPHORUS REMOVAL COSTS 

INTRODUCTION 

In 1970, the International Joint Commission, after 
intensive study into pollution of the Lower Great Lakes, 
forwarded to the Governments of Canada and the United States 
a comprehensive report concerning nutrients in the receiving 
waters of Lake Erie, Lake Ontario, the international section 
of the St. Law rence River and the connecting channels of the 
Great Lakes. After receipt and careful perusal of this 
report, the federal and provincial governments set about on 
a plan of action to implement the re commenda tions of this 
report . 

The main recommendation of this report which concerns 
us today is the immediate removal of phosphorus in municipal 
and industrial effluents to at least one milligram per litre 
or, in certain cases, 80% reduction of phosphorus and there- 
after additional reduction to the maximum extent possible by 
economically feasible processes. 

By the end of 1975, not only those plants in the 
Lower Great Lakes Basin but also some of those on or tribu- 
tary to Lake Huron, the Ottawa River watershed and other 
lakes and rivers will be removing the phosphorus in their 
e f f 1 uen t s . 



This is a sizeable undertaking and Involves some 
$2,200,000 in pilot and full-scale studies, an estimated 
$15,000,000 in capital costs, and some $4,700,000 a year 



in operating costs. 
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This paper deals with phosphorus removal costs as 
they pertain to the waste water plants in Ontario. 



GENERAL 

The quantity of phosphorus in domestic waste waters 
where phosphorus detergents are allowed is about 3.5 lb. per 
capita per year. The use of phosphorus- free detergents 

should lower the quantity of phosphorus in domestic waste 

/' T ^ 
waters to about 1.9 lb. per capita per year. "^ ' 

If waste water flow of 100 Imperial gallons per 
capita per day is assumed, the total phosphorus concentration 
in domestic wastes would drop from 9.6 to 5.8 milligrams per 
litre with the use of phosphor us- free detergents. In Ontario 
the average concentration of total phosphorus in the raw 
waste water ranges from approximately 5 milligrams per litre 
to 17 milligrams per litre. Higher concentrations of phos- 
phorus may be expected from industrial wastes such as food 
industries, laundries, metal cleaning, etc. 

REMOVAL METHODS 

What then are the methods to remove phosphorus in 
our waste water effluents? Briefly, the main methods of 
phosphorus removal are as indicated in Table 1.^-^^ 

Combinations of the various phosphorus removal pro- 
cesses are of course possible, such as biological-chemical, 
physical-chemical, etc. 

CHEMICAL PRECIPITATION 

By far the most proven and reliable method for phos- 
phorus removal is chemical precipitation using lime or 
metallic salts, and it is on this method of removal that our 
discussion today on costs is based. 
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Paramount in the consideration of the chemical to be 
used is, of course, the cost of chemicals. In this paper the 
approximate average delivered costs of lime, alum and ferric 
chloride have been used (see Figure 9). Costs are federal and prov 
incial tax excluded as these materials are presently tax exempt. 

The use of waste product chemicals for phosphorus 
removal could be considered. These chemicals Include waste 
pickle liquor from steel cleaning processes, spent calcium 
carbide lime from acetylene production, and water plant alum 
sludges. For each situation, however, the suitability must 
be judged on the basis of content of reactive components, 
continuous availability, um'fnrmity between shipments, and 
the presence of excessive amounts of undesirable contaminants 
such as sequestering agents, grit and free acids. In most 
cases, the cost benefit is not expected to favour the use of 
these waste products. 

Future availability of phosphorus removal chemicals 
will, we believe, show preference to those chemicals native 
to Canada and particularly to Ontario. Increases in energy 
costs could favour certain chemicals; however, this is a 
future forecast only. 

Reclaiming of the phosphorus removal chemical is also 
now possible and is being practised in several plants in the 
U.S.A. 



PRELIMINARY INVESTIGATION 

Jar testing is normally carried out on the raw sewage 
and secondary effluent to determine which chemical is most 
economically suitable. 
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A test programme normally costs in the neighbourhood 
of S5,000 and can cost considerably more depending on the 
complexity of the waste and the treatment plant layout. 

The engineer's familiarity with the municipality, its 
industrial wastes and water supply can provide considerable 
insight into the scope of the jar testing to be carried out. 

After the jar tests have been satisfactorily com- 
pleted, the data can be analyzed and reported on. 

Unfortunately, full-scale studies can normally only 
be carried out to the extent necessary to confirm the dosage 
requirements of the chemical determined in the jar testing 
and the best practical point of application of the chemical. 
Areas which should also be studied in order that accurate 
overall costs can be predicted are as sh own in Table 2, 

The costs of jar testing and full-scale studies in 
certain cases receive assistance from the government in the 
form of a rebate. At present a 100 per cent rebate applies 
to the Lower Great Lakes municipalities. 

Other areas at present do not receive any rebate but 
we understand consideration may be given to a rebate in the 
future, providing the studies have been run to Ministry stan- 
dards . 



CAPITAL AND OPERATING COSTS 

Assuming that the necessary jar and full-scale studies 
have been completed, the capital and operating costs can be 
estimated. 
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LIME 

Let us first consider lime as the chosen chemical. 

Lime has long been used in water and waste water 
treatment. It is not an easy chemical to handle and for this 
reason its reputation has suffered. 

Lime is normally applied prior to primary treatment. 
Its use in biological secondary treatment is not normally 
possible due to the high pH condition it must create in order 
to precipitate the phosphorus. Lime can also be used in 
chemical tertiary treatment and the spent lime can be recal- 
cined. Dosages of approximately 200 milligrams per litre as Ca(0H)2 
normally make the application of lime economically attractive. 

Lime can be delivered in bag form, in shipments of 10 
tons or more. Storage for a 10- ton delivery is approximately 
175 square feet. 

For a one million gallon per day plant utilizing one 
ton of bagged lime per day, a chemical facility would be laid 
out as indicated in Figure 1, and the chemical facility costs 
are as f o Hows : 
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COSTS FOR BAGGED LIME FACILITY TO 
SERVE A 1 MGD WASTE TREATMENT PLANT 



Capital Costs 

1. Chemif.-al Building including 
bag loading hopper, storage 
hopper, feeder, dissolver 
and piping 

Construction Costs 

Engineering and Contingencies 
(3 15% 

Total Capi tal Costs 

Annual Amortized Capital 
Cost (? 10% 



$34,300 
3^,300 

5,145 
$39 ,445 



$ 3,945 



Operating Costs 

1 . Ope r a t o r 

$4.00/hour @ 6 hours/day 

2. Laboratory Technician 
$4.00/hour @ \ hour/day 

3. Maintenance - Allow 

4 . P owe r Costs 

3 HP {? 560/HP/year 

5. Water Costs 

6. Chemical Costs 

1 ton/day (3 $25/ton 

Annual Operating Costs 
Total Annual Costs 



$ 8,750 

730 
1 ,000 

180 
120 

9,125 



19 ,905 



$23,850 



Cost per Million Gallons = $65.00 
Cost per Capita per Year = $2.40 
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Lime can also be delivered in bulk in shipments of 
20 tons or more. Silo type storage is normally provided for 

about 30 tons of lime. A suggested facility is as shown in 
Figure 2 , 

For a one million gallon per day plant utilizing one 
ton of bulk hydrated lime per day, the chemical facility 
costs are as follows: 
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COSTS FOR A BULK LIME DRY STORAGE FACILITY 
FOR A 1 MGD WASTE TREATMENT PLANT 



Capi tal Costs 

1. Chemical Building including 
silo and feed equipment and 
f o unda t i ons 



Construction Costs 

Engineering and Contingencies 

{? 15% 

Total Capital Cost 

Annual Amortized Capital 
Cost (3 10% 



$35,000 
35,000 

5,250 
$40,250 



$ k ,025 



Operating Cos ts 

1 . Operator 

$4.00/hour (3 4 hours/day 

2. Laboratory Technician 
$4.00/hour (3 'i hour/day 

3 . Ma i n t e nan ce 

4 . Powe r 

3 HP @ $60/HP/year 

5 . Water Cos ts 

6. Chemical Costs 

1 ton/day (? $23/MG 

Annual Operating Costs 



$ 5,840 

730 

2,000 

180 
120 

8 ,400 



17,270 



Total Annual Costs 



$21,295 



Cost per Million Gallons = $58.40 
Cost per Capita per Year = $2.10 



For a one million gallon per day plant utilizing bulk 
delivery of lime and stored as a 25 per cent liquid slurry 



of lime and not dry in a silo, costs are as follows: 
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COSTS FOR A LIQUID LIME SLURRY FACILITY 
FOR A 1 MOD WASTE TREATMENT PLANT 



Capital Cos ts 

1. Chemical tanks including 
pumps, mixers and piping 

Construction Costs 
Engineering and Contingencies 

Total Capital Costs 

Annual Amortized Capital 
Cost @ 10% 



$54,800 

54,800 
5,200 



$60,000 



S 6»000 



Operating Cos t s 

1 . Operator 

$4.00/hour @ 4 hours/day 

2. Laboratory Technician 
$4.00/hour (? h hour/day 

3 . Maintenance 

4 . Power 

15 HP (3 $60/HP/year 

5 . Water Cos ts 

6 . Chemical Costs 

1 ton/day (3 $23/MG 



$ 5.840 





730 


2 


.000 




900 




180 



8,400 



Annual Operating Costs 



18,050 



Total Annual Costs 



$24,050 



Cost per Million Gallons = $66.00 
Cost per Capita per Year = $2.40 
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In the preceding cost estimates, no costs have been 
considered for rapid mixing or flocculation facilities. We 
believe sufficient mixing and flocculation will take place in 
an aerated grit tank, in the inlet channels, and during primary 
sett ling . 

At an approximately 2 50,000 gallons per day waste 
treatment facility, the total annual costs for a bagged lime 
facility and a bulk lime facility are equal, 

The use of bagged lime we believe is preferred at 
about the 250,000 gallon per day plant size and smaller as 
the bag handling is reasonably low (i.e. 10 bags per day). 
In dry storage, bags of hydrated lime may be stored 
for periods of at least 6 months without encountering serious 
deterioration. 

Plants of greater than 250,000 gallons per day would 
favour a bulk lime handling facility using hydrated lime. 
Only in extremely large installations is consideration given 
to quick- lime, A slight saving in chemical cost may result 
in large plants based on more favourable freight charges for 
quick-lime versus hydrated lime. 

These costs must be balanced against more complex 
slaking equipment and higher operational costs. 

A liquid slurry facility, although costing more, 
allows the use of waste carbide lime and in certain cases 
this could be economically advantageous. 

Additional plant maintenance may also be expected in 
the following areas: 

(1) sc aling 

(2) wear 
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Recycling of seeded lime sludge is claimed to prevent 
scale problems. Wear, however, will be a problem 
in sludge collecting, piping and pumping equipment. Heat 
exchanger and digestion tank scaling may also be a problem if 
anaerobic digestion is practised. Only actual operating exper- 
ience will allow accurate assessment of this type of mainte- 
nance costs. 

B.O.D. and suspended solids removal are enhanced by 
the addition of lime prior to primary settling. Normally in 
primary treatment, B.O.D. and suspended solids removal of 30 
and 50 per cent respectively are experienced. With the addi- 
tion of lime, removals of B.O.D. and suspended solids up to 
50 and 70 per cent respectively may be expected. 

The increased B.O.D. removal in primary treatment 
allows the secondary aeration tanks to be reduced in size, or 
in the case of an existing aeration tank to extend its capacity 

For a one m.g.d. plant with a raw sewage B.O.D. of 
200 mg./l., the estimated cost of an aeration tank loaded at 
50 lb. of B.O.D. per thousand cubic feet per day is $140,000. 

For a one m.g.d. plant with similar raw sewage strength 
and using lime in the primary tank, the cost of the aerator 
at a similar B.O.D. loading is estimated at $100, 000. 

The capital cost saving Is approximately 30 per cent. 

Operating costs will also be lower for the aerator. The 

power cost saving because of lower air consumption is esti- 
mated at $1,150 per year. 

Similarly, the amount of waste activated sludge syn- 
thesized is reduced by approximately 30 per cent. 

Overflow rates in the primary settling tanks need not 
be reduced as is the case with metallic salts. Overflow rates 
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in the range of 800 to 1100 gallons per square foot per day 
may be used . 

Digestion, although originally thought questionable 
because of the pH condition of the sludge, has proved feasible 

at Newmarket where a significant drop in pH was experienced 

(A) 
without resolubilizing the phosphorus. 

Sludge quantity does not appear to increase; however, 
sludge concentrations are much higher. 

Land application of digested lime sludge was also 
carried out at Newmarket and alfalfa was being grown without 
apparent adverse effects. 

For larger plants where economics indicate trucking 
of liquid sludge to be excessive, dewatering and incineration 
of the lime sludge is attractive. 

Lime primary sludge dewaters well by either vacuum 
filter or centrifuge to a sludge cake of 75 per cent moisture 
content or less and at filter yields of over 5.0 lb. dry 
solids per square foot per hour. Sludge chemical conditioning 
costs also are lower than normal. 

Recalcining of the raw primary limed sludge has not 
been very successful due to the interference of deleterious 
material in the primary sludge. In tertiary treatment tlie 
amount of deleterious material in the sludge is considerably 
reduced and recalcining is possible. 

Let us take a brief look at phosphorus removal using 
lime applied just prior to tertiary treatment. Obviously 
increased capital costs will be incurred due to the need for 
rapid mixing, flocculation and settling tanks, and possibly 
recarbonation for pH correction. 
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At South Lake Tahoe, phosphorus removal is a tertiary 
step. Lime in the amount of 400 to 500 rag. /I. as CaO is applied 
with 0.1 to 0.3 mg./l. of polymer also added to improve clari- 
fi cation. Phosphorus removal is typically 9 5 per cent with 
effluent ranging between 0.07 and 0.2 mg./l. total phosphorus. 

Phosphorus removal and lime dewatering and recalcining 
costs at South Lake Tahoe are reported as follows: 



COST OF TERTIARY TREATMENT AT SOUTH 
LAKE TAHOE FOR PHOSPHORUS REMOVAL 



Capital Costs (per million gallons )( 19 73 costs) 

1. Lime Coagulation and 

Sedimentation $17.40 

Z . LimeSludgeDewatering 5.30 

a,* Lime Sludge Recalcining 18. 80 

Total Capital Costs $ 41.50 

Operating Costs (per million gallons) 

1. Lime Coagulation and 

Sedimentation $37 ,60 

2. Lime Sludge Dewatering 7. 80 

3. Lime Sludge Recalcining 38. 30 

Total Operating Costs 83.70 

Total Cost $125.20 

Cost per Capita per Year = $4.60 
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At South Lake Tahoe, recalcining and dewatering costs 
are indicated to be $29 per ton as CaO. Lime at present is only 
used approximately three times, however, before being consi- 
dered spent . 

Based on the cost of purchased lime at Lake Tahoe, it 
would also appear that the reasons for recalcining are mainly 
for research and due to high sludge disposal costs. 

Tertiary lime treatment, however, is the only method 
offering a proven method of recovery of the treatment chemical, 
and at present this cannot be said of aluminum or iron salts. 

For very high degrees of phosphorus removal, tertiary 
lime treatment appears as an excellent choice. Phosphorus 
removal to less than 0.1 mg./l. can be achieved and secondary 
benefits such as further removal of B.O.D., suspended solids, 
turbidity and colour are possible. 

The estimated costs for lime tertiary treatment are 
approximately 2 to 3 times the total cost per million gallons 
for phosphorus removal using lime applied prior to primary 
treatment . 

The degree of phosphorus removal presently being 
requested by the Ministry does not, we believe, warrant ter- 
tiary treatment using lime. However, when low B.O.D. and 
suspended solids residual are also required this could very 
well be the most economical method. 
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METALLIC SALTS 

Metallic salts such as alum and ferric chloride are 
enough alike in both application and the chemical feed faci- 
lity that in this paper we will deal with these chemicals as 
being identical as far as required facilities for storage and 
application are concerned. 

Alum and ferric chloride are both tri-valent acid 
salts which, unlike lime, can normally be used simultaneously 
with biological treatment. 

Usually » dosages of approximately 100 milligrams per 
litre for alum and 15 milligrams per litre for ferric chloride 
as Fe normally make the application of alum and ferric chlor- 
ide economically attractive. 

They can be supplied either in dry or liquid solution 
form. Liquid is, we believe, the preferred form and facility 
costs will be based on liquid chemical. 

Liquid chemical is delivered in tank truck shipments 

of 3,000 gallons or more. Storage of chemical should be for 

at least 6,000 gallons and normally a two week supply is 
s tored . 

A typical facility for either alum or ferric chloride 
is shown in Figure 3. 

For a one million gallon per day treatment facility 
using $30 of chemical per million gallons, the chemical faci- 
lity capital and operating costs are as follows: 



- 15 - 



COST FOR LIQUID METALLIC SALT FACILITY 
TO SERVE A 1 MGD WASTE TREATMENT PLANT 



Capital Costs 

1. Equipment costs including 
outdoor insulated storage 
tanks and feed pumps 

?= Tank foundations and pipe 
chase 

3. Installation costs and 
associated piping 

Construction Costs 

Engineering and Contingencies 

@ 15% 

Total Capital Costs 

Ann ual Amo rtized Capital 
Costs [3 10% 



$15,500 

4,000 

6,000 
25,500 

3,825 
$29 ,325 



$ 2,933 



Operating Costs 

1. Operator 

$4.00/hour @ h hour/day 

2. Laboratory Technician 
$4.00/hour (3 h hour/day 

3 . Main t en an ce -Allow 

4 . Power Cos t s 

h HP Q $60/HP/year 

5. Chemical Costs 

Allow $30/million gallon 



$ 730 

730 
300 

30 

10,950 



Annual Operating Cost 



$12, 740 



Total Annual Cost 

Cost per Million Gallons = $43.00 

Cost per Capita per Year = $1.57 



15,673 
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As with lime, to date we have not found it necessary 
to consider rapid mixing and flocculation tanks because exist- 
ing facilities have provided adequate mixing and flocculation. 

Operating and maintenance p rob 1 ems using metallic 
salts have been minimal. 

B.O.D. and suspended solids removal are increased by 
the addition of metallic salts prior to primary settling and 
aeration costs may be reduced. Capital and operating cost 
savings similar to those mentioned for lime are possible. 

Application of metallic salts to the activated sludge 
mixed liquor prior to final settling have in most cases 
yielded a lesser chemical dosage than when added prior to 
primarytreatment. 

At the North Toronto plant in Metropolitan Toronto, with 
an influent P of 5.0 milligrams per litre, a ferric chloride 
dosage of 13.4 milligrams per litre of Fe applied prior to 
primary treatment yielded a phosphorus content in the final 
effluent of 0.65 mg./l., and when applied to the aeration 
tank mixed liquor yielded a phosphorus content in the final 
effluent of 0.40 mg./l. Presently, a ferric chloride dosage 
of 8.5 milligrams per litre, that is a chemical cost of $13.60 
per million gallons treated, yields a phosphorus content in 
the final effluent of less than 0.4 milligrams per litre. 

Chemical addition to the mixed liquor results in a 
build-up of a reservoir of still partly reactive chemical in 
the secondary sludge system which helps to buffer the effects 
of variations in the phosphorus feed to the system. From a 
capital cost point of view this is favour able in that it 
reduces the need for flow pacing of the chemical feed pumps . 
The reactive capacity of the retained chemical was demonstrated 
in two particular recent studies where it was found that phos- 
phorus continued to be removed for approximately three days 
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after the chemical feed system was shut off. 

In order to maintain a proper food to micro-organism 
ratio in the aeration tank, return sludge rates normally must 
be increased to at least 100 per cent of the aerator influent 



Waste sludge rates also are indicated to increase. 

To provide a one m.g.d. plant with 150% of average 
plant flow return sludge pumping capacity and 3% of average 
plant flow waste sludge pumping capacity, the capital cost 
would be estimated at around $3,000 higher than for normal 
design, and operating costs Including amortization of capital 
would be $540 per year higher. 

It is indicated from full-scale studies that final 
tank overflow rates should also be reduced from an average 
design rate of 600 gallons per square foot per day to 450 
gallons per square foot per day. For a one m.g.d. plant the 
additional capital cost is estimated at $38,500. 

Unlike lime, raw sludge volumes have been reported to 
increase considerably using metallic salts. Increases in raw 
and digested sludge flow and concentration have been reported 
as high as 50 per cent. 

At North Toronto, statistical analysis of raw and 
digested sludge flows and concentrations indicate sludge 
increase to be negligible. This analysis is based on 14 
months of sludge data prior to phosphorus removal and 25 
months of data during phosphorus removal. 

Raw sludges produced as a result of phosphorus treat- 
ment with metallic salts will digest. Digester loadings in 
the neighbourhood of 0.08 lb. of volatile solids per cubic 
foot of digester volume per day are at present operating well 
with good gas production. 
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Higher digester loadings may create problems; however, 
this still must be proven out through plant scale studies. 

Digester heating equipment must be increased in capa- 
city due to the increased sludge volumes. For a one million 
gallon per day waste treatment plant the increased cost is 
estimated at $400. Sufficient sewage gas will, we believe, 
be produced and no extra fuel costs are considered. 

Sludge disposal costs may similarly increase and fur 
a one m.g.d. plant the additional sludge haulage cost is esti- 
mated at $1,640 per year based on $1.50 a yard for sludge 
haulage and a 20 per cent sludge increase. 

Application of the sludge on the land has not to date 
caused problems. The build-up of heavy metals precipitated 
by the lime and metallic salts may, however, eventually create 
pro b lems . 

In certain cases, economics and disposal restrictions 
will dictate the dewatering of phosphorus sludges. Vacuum 
filters and centrifuges have successfully dewatered phosphorus 
sludges; however, costs may be considerable. 

At North Toronto where a digested phosphorus iron 
sludge is dewatered, solids content has decreased from 24 per 
cent to 20 per cent solids. Filter yields average 4.45 lb. 
of dry solids per square foot per day and chemical costs for 
sludge conditioning approximately $11.00 per ton dry solids. 
Solids capture was significantly improved. 

At the West Windsor Sewage Plant, the raw phosphorus 
alum sludge was dewatered to 19 per cent solids. Prior to 
alum addition it dewatered to 31 per cent solids. Filter 
yields dropped from 11.3 lb. per square foot per day to 5.8 
lb. per square foot per day and chemical costs rose from $3.10 
per ton dry solids to $9.50. Filter recoveries were consider- 
ab ly poorer . 
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At North Toronto no appreciable change in chlorine 
consumption can be claimed. 

Metallic salt addition to stabilization lagoons has 
been successful in removing phosphorus in the lagoon effluent 
to one milligram per litre of phosphorus or less. 

This was demonstrated by the Ministry recently at 
Aylmer, Arthur and Beaverton. 

Costs are mainly chemical and mixing costs and are 
estimated at $115.00 per million gallons or $4.20 per 
capita per year based on a chemical dosage of 200 milligrams 
per litre of alum and a flow of 100,000 gallons per day. 

Spray irrigation, in certain cases, may be required 
where nutrients have seriously affected the water quality of 
a river or lake . 

Based on Che costs for spray irrigation encountered 
at Listowel, the average total cost per million gallons, 
including leasing of land, is estimated at $233 per 
million gallons or $8.50 per capita per year. 

A similar high cost is indicated for Shelburne where 
the total cost for spray irrigation per million gallons is 



estimated at $356 and the cost per capita per year $13.00. 



(A) 



In considering these costs, it must be realized that 
the degree of treatment removes some 95 per cent of the total 
phosphorus, 80 per cent of the Kjeldahl nitrogen and 99 per 
cent of nitrates. 
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FINANCING 

As mentioned previously, pilot and full-scale studies 
in the Lower Great Lakes receive a 100 per cent subsidy pro- 
viding they are done to the requirements of the Ministry. 

Capital costs for phosphorus facilities can receive 
assistance from Central Mortgage and Housing in the form of 
a long term loan, 25 per cent of which is forgivable. 

The Federal winter works programme also gives an 
opportunity for similar savings if the construction of the 
facility can be incorporated into the programme*. 

Operating costs must of course be financed from the 
annual works budget. Possible savings in chemical costs in 
the case of metallic salts can be realized by tendering for 
both chemicals and leaving the choice of chemical to economic 
evaluation . 

In the case of alum, the purchasing of the alum supply 
jointly for both water and sewage plants could realize a 
further saving. 

Sewer use by-laws should be amended to regulate the 
discharge of phosphorus in industrial effluents and a suit- 
able surcharge should be applied to those industries failing 
to meet the by-law. 
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DISCUSSION 

The dosage of lime required for phosphorus removal is 
independent of the phosphorus concentration in the sewage. 
Since the phosphorus removal mechanism depends on pH , the 
dosage is actually a function of alkalinity. Since alkalinity 
is relatively uniform in Ontario, the dosages are also uniform 
at approximately 200 milligrams per litre as Ca(0H)2- 

On the other hand, metallic salts react stoichiometri- 
caily with the phosphorus and hence the dosage is a function 
of phosphorus concentration. The theoretical molar ratio, 
that is, the number of ferric or aluminum ions required to 
comb ine with one phosphate ion, is one. However, as a result 
of competing reactions the molar ratio is often greater than 
one. Usually, the closer the dosing point is to the head of 
the plant, the higher the molar ratio. For aluminum, typical 

molar ratios are from 1.5 to 2, while for iron the ratios 

(3) 
range from less than one to as high as 7.5. 

In jar tests carried out at the Kingston Sewage Treat- 
ment Plant the molar ratios for alum ranged from 1.3 to 2.5 
while for iron the range was 1.1 to 2.1. However, in all test 
work carried out on a full-scale basis the resulting molar 
ratios have been less than that found in the jar testing. 

In Ontario, the average incoming phosphorus concentra- 
tion is about 10 milligrams per litre, although some may be 
considerably less, such as North Toronto at 5 milligrams per 
litre. 

By knowing the incoming phosphorus concentration and 
the molar ratio, the chemical cost per capita per year can be 
found using Figure 4. This graph is based on a delivered 
chemical cost of 6.5c/lb. for ferric chloride and 3c/lb. for 
alum. 
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Based on chemical costs of $23 per million gallons for 
lime primary treatment, $46 per million gallons for lime ter- 
tiary treatment and $30 per million gallons for metallic salts, 
the total annual costs per million gallons versus the treat- 
ment plant capacity can be graphically represented as shown 
in Figures 5, 6 and 7. 

Where chemicals are added prior to primary treatment 
or simultaneously with secondary treatment, operating costs 
including chemical costs are by far the most important econo- 
mic consideration. 

Based on a one million gallon per day facility, the 
percentage annual costs can be illustrated as shown in 
Figure 8. 

In addition, costs and cost savings may occur due to 
the effect of the phosphorus removal chemical on the waste 
treatment processes as indicated hereinbefore. Most signifi- 
cant are sludge disposal costs, hydraulic overflow rates in 
the settling tanks and possible aeration tank savings, 

SUMMARY 

The designers' familiarity with the effect of the 
phosphorus removal chemicals on the treatment processes is 
most important in order that the three phosphorus removal 
chemicals can be fairly evaluated. 

Insufficient data is presently available for accurate 
costs on phosphorus sludge disposal and the effect of lime on 
biological treatment at elevated pH's. 

As effluent standards are made more stringent to safe- 
guard our waters, treatment costs will increase. 
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With higher and more sophisticated degrees of treat- 
ment, a better understanding of the operation and the economics 
of the treatment processes involved will no doubt result. 
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APPENDIX 



Table 1 



ESTIMATED COSTS OF PHOSPHORUS REMOVAL 



Precipitant 
biological 



Process Scheme 

activated sludge, acid 
stripping (luxury uptake) 



Plant Size Cost 
(mgd) $/cap . /yr 



8. 3 



2.60 



metallic salt tertiary treatment 



.3 



2.60 



metallic salt 



tertiary treatment 
+ f i 1 tration 



.3 



5. 25 



lime 



tertiary treatment 
+ f i 1 1 rat ion 



3.3-6.3 



5.90 



metallic salt 



tertiary treatment 
+ filtration + lakes 



2.5 



10.00 



me talli c salt 



ion exchange 



biological 



tertiary treatment 
+ filtration 



tertiary treatment 



metallic salt batch lagoon treatment 



spray irrigation 



2.1-3.3 


5.90 


0.83-8.3 


3.90 


0. 12 


4. 20 


1.2 


8.50 



■v-T*.*. ■ m 



Table 2 



SUGGESTED AREAS OF FURTHER INVESTIGATION 



FOR COST EVALUATION 



1 . Sludge Characteristics 

(a) quan t i ties 

(b) concentrations 

(c) treatability 

(d) land application 

2 . Hydraulic Parameters 

(a) tank overflow rates 

(b) sludge pumping costs 

3 . Biological Parame ters 

(a) aeration tank sizing 

(b) activated sludge pumping requirements 

(c) blower or mechanical aerator requirements 

(d) digestion requirements 

(e) pH parameters 

4. Miscellaneous Considerations 



(a) digestion tank heating 

(b) chlorine consumption 

(c) maintenance requirements 



^ 



25' H 



.3._5: 




5'- 



STORAGE 
HOPPER 




PLAN 



d 



^^^^ 



205 



i 



ttf 



EXHAUST 
DUCT 

BAG LOADING 
HOPPER 




^ 



STORAGE AREA 
12' 



ROUND EXTENSION 
HOPPER 

■TRANSITION HOPPER 



FEEDER 
DISSOLVER 

,_ SOLUTION 
< OUTLET 



^^^^ 



® 



SECTION 



BAGGED LIME FACILITY 



FIGURE 



BAG TYPE OUST 
COLLECTING FILTER 




FORCE 
MAIN ~\ 



BULK LIME FACILITY 

FIGURE 2 



24 MANHOLE 




VENT 



(^ 



REFILL 
INDICATOR 



J_ LEVEL 
J*^l INDICATOR 



3"diA. RVC. 
FOR REFILLING 



-^5^ 



I 

I 8,000 GAL. FIBERGLASS TANK 



\ 



^\ FLOATING BALL 
ON CHAIN 



IIOV.A.C. REC. 
FOR HEATING 
BAND„ 



^^=^±. 



I>1 



- ;: 



rC' 



L.^ 







•■ ^ j' 



REINFORCED 
CONCRETE PAD 




8,000 GAL. FIBERGLASS TANK 






2 CAP FOR 
^THERMOMETER 



I DIA.P.V.C. DRAIN 



^i5=t^ /j= ><t3 



3 DIA.P.V.C. SUPPLY LINE 
TO CHEMICAL FEED PUMPS 



W^ 



LIQUID METALLIC SALT FACILITY 



FIGURE 3 



FERRIC 
CHLORIDE 




CONCENTRATION OF P (MG./L.) 

COST VS. CONCENTRATION OF P 
FOR METALLIC SALTS 



FIGURE 4 




o: 


30 


lij 




Q. 




CO 


?f) 


(T 




< 




-1 




-J 




O 


?0 


O 




"— • 




H 




CO 




o 


15 


o 





10- 



CAPITALCOST 



I ■ 

10 

PLANT SIZE (M.6.D.) 

COST OF LIME PRIMARY TREATMENT 



"r 

100 



FIGURE 5 



50- 



45- 



m 

Z; 
O 






40- 



35- 



30- 




ANNUAl^TamL COST 



ANNUAL OPERATING COST 



2 25. 

-J 

d 



CO 
< 

_1 
O 
Q 

m 



15- 



10- 



5- 



ANNUAL CAPITA! rr.c;j 



I 

PLANT SIZE (M.G.D.) 

COST OF METALLIC SALT TREATMENT 

FIGURE 6 



-r 

100 



200- 




PLANT SIZE (M.G.D.) 

COST OF LIME TERTIARY TREATMENT 

FIGURE 7 



UME PRIMARY 
TREATMENT 

METALLIC SALT 
TA.C. 100% $56/MG. TREATMENT 



A.O.C. 81% 



A.CH.C. 40% 



A-C.C. 9% 



LIME TERTIARY 
TREATMENT 

TA.C. 100 7o $I94/MG 



TA.C. 100% $43/MG. 



AO.C. 81 % 



A.CH.C. 70% 



AC.a9% 



A.O.C. 69*5E 



ACC. 31 % 



A.CH.C 247< 



TA.C. = TOTAL ANNUAL COSTS 
A.O.C. = ANNUAL OPERATING COSTS 
A.CH.C. = ANNUAL CHEMICAL COSTS 
A.C.C. = ANNUAL CAPITAL COSTS 
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NORTH BAY 

ALUM $ 70 
FeCl3 $149 
LIME $ 37 




OTTAWA 

ALUM $ 52 
FeClj $160 
LIME $ 32 



OWEN SOUND 



PETERBOROUGH 




KINGSTON 



ALUM 
FeCIj 
LIME 



$ 60 
$ 145 
$ 29 



NOTE: COSTS ARE 100% DRY WEIGHT 

PER TON BASIS AS AT MAY 25, 1973. 
SINCE DOSAGES VARY SIGNIFICANTLY, 
THE CHEAPEST CHEIVIICAL MAY NOT 
BE THE LEAST EXPENSIVE TO USE. 
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INTRODUCTION 

Many species of aquatic photosynthetic organisms utilize 
water-soluble anions of phosphorus as limiting nutrient 
sources. Rampant growths of these organisms produce undesir- 
able tastes and odors in potable waters, contaminate recre- 
ational areas, and limit populations of more desirable 
organisms such as fish. Significant reductions of all phos- 
phorus species present in municipal wastewaters are techni- 
cally feasible in existing treatment plants before effluents 
are discharged into receiving waters. These reductions are 
accomplished by modifying conventional primary or secondary 
treatment to include chemical precipitation and flocculation 
processes. The instrumentation and control systems for such 
chemical phosphorus removal processes are discussed in this 
paper. 

CHEMICAL PRECIPITATION/FLOCCULATION 

Chemical processes for removing dissolved and suspended phos- 
phorus species from municipal wastewaters have been reviewed 
(10,13) and described in detail in the literature (1,2,6,8). 
These processes have been demonstrated to be effective in 
removing all forms of phosphorus at conventional wastewater 
treatment plants (11,14,16). Chemical precipitation and 
flocculation is usually applied in two process steps as shown 
in Figure 1. The first step consists of the addition of 
inorganic coagulants (2), such as ferric or ferrous iron, 
aluminum, or calcium salts (1,4,10,11,13,15,16) to the 
untreated wastewater. The metal ions of these coagulants com- 
bine with the dissolved phosphates present in the wastewater 
to form insoluble precipitates which remain in suspension. 
Ferrous and ferric chlorides have been the most effective 
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inorganic coagulants on a cost/performance basis. 

The metal-phosphate precipitates are small, colloidally 
stable, and usually cannot be separated entirely from waste- 
water by conventional sedimentation. The second step of the 
removal process, therefore, consists of the addition of small 
amounts of an anionic, water-soluble polyelectrolyte floccu- 
lant to effectively collect and agglomerate the small phos- 
phate precipitates into large, readily settleable floes. 
These floes settle rapidly and effectively in conventional 
primary sedimentation tanks. Split addition of chemicals also 
has been applied for more extensive removal. This consists of 
chemical addition at two or more locations within a given 
plant such as before primary and before secondary clarifica- 
tion. 

CHEMICAL FEEDING SYSTEMS 

Chemical equipment for feeding chemicals to attain phosphorus 
removal is not complex and can be easily designed and 
installed. A typical inorganic coagulant feed system is shown 
in Figure 2 . Inorganic coagulants are available as dry pow- 
ders or granules, or as liquids containing 25-50% dissolved 
solids. Solutions of coagulants are not as viscous as f loc- 
culants and can be easily prepared and metered in the waste- 
water flow. Inorganic coagulants do require specific mater- 
ials of construction designed to resist corrosion by acidic 
metal salt solutions , Aluminum and zinc-galvanized steel are 
not recommended. Exposed surfaces of storage tanks, pipes, 
and pumps should be made of glass fiber, rubber, or polyvinyl 
chloride,; 

A manually operated funnel disperser is used for preparing 
solutions of dry flocculant for treating relatively small 
volumes of wastewater. A flocculant feed system using an 
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automatic disperser for treating larger volumes of wastewater 
is shown in Figure 3, An automatic flocculant disperser 
should be considered when treating water volumes in excess of 
5 mgd. 

The automatic flocculant disperser shown in Figure 4 is 
designed to prepare up to 2 00 gal/rain of flocculant solution 
at a concentration of ,25 percent by weight. Dry flocculant 
is added by a screw feeder at a variable rate {OO Ibs/min) 
into the vortex formed within a mixing bowl. Water at 4 psi 
and 25-100 gal/min is first passed through a strainer and a 
water meter before reaching a solenoid valve which is acti- 
vated by a float control monitoring the liquid level in a feed 
tank receiving the prepared flocculant solution. The water 
flow is then split with most of the flow passing through a 
valve controlling the rear flow through the mixing bowl. The 
remaining water passes through a small internal reservoir also 
equipped with a float valve which maintains a desired level of 
water in the bottom of the mixing bowl for optimum dispersion 
of the dry flocculant. 

The combined flow from the mixing bowl and the reservoir is 
then pumped through a pump at 25-100 gal/min directly to a 
larger feed tank or combined with another stream of dilution 
water (<100 gal/min) before delivery to the feed tank. The 
flocculant solution is mixed further in the feed tank before 
being displaced by the incoming flow and delivered to the point 
of addition in the treatment plant. The automatic flocculant 
disperser unit can be operated manually or mechanically. 

Other more simplified units are commercially available for 
preparing flocculant solutions in the intermediate range of 
0.5-25 gal/min. The manual funnel disperser is limited to the 
preparation of relatively small quantities of flocculant solu- 
tion. An automatic bulk flocculant handling system should be 
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considered for treating very large volumes (100 x 10^ gal/day). 

Solutions of polyelectrolyte f locculants are highly viscous, 
and ordinary flow regulating valves and meters are usually not 
adequate to control the feeding of small volumes of solutions. 
Polyelectrolyte solutions exhibit non-Newtonian flow and 
special considerations should be made so that pumps and lines 
are not oversized on the basis of Newtonian flow properties 
(7). Solutions of flocculants are noncorrosive and standard 
materials of construction, such as polyvinyl chloride, black 
iron, and mild steel, can be used for all equipment. 

SAFETY AND ENVIRONMENTAL ASPECTS 

Most polyelectrolyte flocculants are relatively easy to han- 
dle. Slippery conditions can arise, however, if spills of 
f locculant solutions or dry powder occur. Minor spills should 
be flushed immediately with water. Major spills may require 
application of neutralizing or absorbing agents. Containment 
dikes are recommended to surround storage tanks containing 
inorganic coagulants. 

Inorganic coagulants are only slightly irritating to intact 
skin if washed off promptly after contact. Organic floccu- 
lants are only slightly irritating to abraded skin but should 
also be washed off after contact to prevent accidents due to 
slippery conditions. Safe handling of inorganic coagulants 
generally requires operators to wear goggles and rubber gloves 
during transfer. Installation of eye and safety showers is 
recommended. 

Inorganic coagulants and organic flocculants are generally 
applied under controlled conditions. They become associated 
with the sludges formed during water and wastewater treatment. 
Inorganic coagulants are not toxic to aquatic organisms unless 



extreme pH changes are produced when excessive quantities are 
used. Organic flocculants have relatively low oral toxicities 
£ind have been declared suitable for potable water treatment by 
the U. S. Environmental Protection Agency. 

Anionic and nonionic flocculants generally are not toxic to 
fish . Cationic flocculants can be toxic to fish if used 
incorrectly in low solids systems . They have been applied 
successfully in many applications following carefully con- 
trolled conditions. Detailed information on the proper and 
safe handling of coagulant/f locculant chemicals is available 
from the manufacturers. 

INSTRUMENTATION AND CONTROL 

In spite of the heterogeneous nature of most suspensions , 
continuous quantitative monitoring and control of the floccu- 
lation process has been realized in some applications 
(3,4,5,12) . Some instrumentation has been applied to the 
control of coagulation processes (4,9,14). Instrumentation in 
both coagulation and flocculation processes has been limited 
to controlling the storage and preparation of chemicals, the 
metering of chemical additions , and the monitoring of influent 
and effluent qualities. Process analyzers have measured 
turbidity (5,9), surface charges (3,12), or ortho phosphorus 
concentration (4,14,17) . 

There is no universally applicable instrumentation or control 
system for coagulation/flocculation processes . Comparisons of 
typical f locculant preparation systems, f locculant addition 
systems, and coagulant addition systems for five ranges of 
total plant flow are summarized in Table I. The overall 
accuracy of the instrumentation is increased as warranted with 
increased plant size. 

Average Flow: <1 mgd - The flocculant solution for small plants 



TABLE I 
INSTRUMENTATION AND CONTROL SYSTEMS FOR COAGULATION/FLOCCULATION PROCESSES 



Average 
Plant Flow 



Flocculant 



1 Mgd = 10 ^ gal/day Preparation System 



<1 



Manual operation; 
batch preparation 
in tank. 



Flocculant 
Addition System 

Manual operation; 
variable speed 
device with pump 
calibration and/or 
rotameter- 



Coagulant 
Addition System 

Similar to flocculant 
addition system. 



1-10 



Automatic operation; 
flocculant disperser; 
holding tank. 



Automatic operation; 
variable ratio 
station; feed pro- 
portional to sewage 
flow- 



Similar to flocculant 
addition system. 



10 - 25 



Same as above. 



Same as immediately 
above with feedback 
correction and flow 
totalization. 



Similar to flocculant 
addition system. 



25 - 100 



Same as above - 



Same as immediately 
above plus tank 
level indicators 
and malfunction 
alarms , 



Similar to flocculant 
addition system plus 
automatic influent 
analyzers/transmitters 



>100 



Same as above; 
alternative bulk 
handling. 



Same as immediately 
above . 



Similar to flocculant 
addition system plus auto- 
matic analyzer/transmitter 
for both influent and 
effluent; density trans- 
mitter and use of empirical 
design equations . 



{1 mgd = 10 ^ gal/day) is manually prepared in a small storage 
tank. Addition rates are manually set by variable speed 
devices- Flow rate indication is provided by a pump calibra- 
tion curve or a glass-tube rotameter. The coagulant solution 
is fed by manually- set variable-speed drives similar to the 
floGCulant controls. 

Average Flow: 1- 10 mgd - The flocculant solution is automat- 
ically prepared and automatically added to the influent flow 
by means of a variable-ratio station which varies the speed of 
the pump proportional to the influent flow rate. The addition 
system for the coagulant solution is similar to the addition 
system specified for the flocculant solution. Influent flow 
transmitter costs vary with the type of flow element that is 
employed at each plant. The preferable sensor is an electron- 
ic differential-pressure transmitter connected to a Venturi 
meter. 

Average Flow: 10-25 mgd - The flocculant solution is automat- 
ically prepared as in the 1-10 mgd system and automatically 
added to the influent flow by means of a variable-ratio con- 
troller which varies the speed of the pump proportional to the 
influent flow rate. The actual amount of flocculant being 
added is sent to the controller as feedback. The controller 
determines the difference between what should be added and 
what is actually being added, and promotes the appropriate 
response by the pump motor. The coagulant addition system is 
similar to the flocculant addition system. Flow totalization 
of each stream can provide data for material balances. 

Average Flow: 25-100 mgd - The flocculcint solution is automat- 
ically prepared as described for the 10-25 mgd feed system. 
The flocculant solution is automatically added to the influent 
flow based on influent flow rates times a variable ratio as 
described for 10-25 mgd plants- Coagulant addition may be 
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automatically controlled on the bases of the influent concen- 
tration of a specific pollutant and/or flow rate. Automatic 
analyzer (s) and treinsmitter (s) may be required. A variable- 
ratio controller as previously described controls the coagu- 
lant addition rate. Continuous level transmitters on the 
coagulant storage tanks with high and/or low level switches 
to simplify loading and unloading operations should be included 
in this design. Flow recorders and flow totalizers provide 
data for material balances. 

A verage Flow: >1Q0 mgd - Flocculant solutions to be used in 
plants of this size should be prepared using an automatic 
flocculant disperser and suitable holding tanks. A bulk 
handling system is an alternative to bag flocculant transfer. 
The flocculant solution is automatically proportioned to the 
raw waste flow based on influent flow rate times a variable 
ratio as in the previous descriptions. Coagulant feed is 
automatically proportioned to influent waste flow. It may be 
based also on empirical design equations for a specific waste 
stream if available. 

A density trcinsmitter on the coagulant feed determines the 
weight concentration of inorganic coagulant in solution which 
is multiplied by the coagulant flow rate resulting in a mass 
flow rate. Two analyzer/transmitters are employed. The cal- 
culated coagulant concentration is the set point of a variable 
ratio controller which receives as it measures the coagulant 
mass flow rate and operates a variable-speed pump to deliver 
the calculated amount of coagulant. Flow recorders and total- 
izers provide a material balance. Electronic/electrical 
instrumentation is preferable due to long transmission dis- 
tances usually encountered in many treatment plants . 

EXAMPLE CONTROL SYSTEMS 

The U.S. Environmental Protection Agency has sponsored a demon- 
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stration project with the city of Grand Rapids, Michigan, 
where this technology currently is being used (3). Removal 
of total phosphorus at that plant is expected to meet the 
removal criterion required by the state of Michigcin in 1973. 

The automatic control loop for phosphorus removal at this 
location is shown in Figure 5. The coagulant is added first 
based on the product of a flow signal and a phosphorus con- 
centration signal. The flocculant is added second based on 
a flow signal alone. 

The coagulant feed system (4) is shown in more detail in 
Figure 6. The chemical used as the primary coagulant in this 
example was flocculation grade ferric chloride. Solution 
concentrations were varied seasonally depending upon antici- 
pated storage temperatures. Tank truck deliveries were 
stored outdoors in two 12 , 000-gallon fiberglass-reinforced 
plastic tanks surrounded by dikes for safety purposes. Both 
tanks were provided with continuous level transmitters 
equipped with low- level alarms to facilitate feeding and 
loading operations. Unloading and/or transfer pumps , and 
acid-proof piping and valves were provided. 

Ferric chloride solution was added to the influent wastewater 
by gravity flow in proportion to the total phosphorus load* 
This load is the product of the total phosphorus concentration 
in the influent sewage and the raw sewage flow rate. An auto- 
matic ortho-phosphorus analyzer (17) provided a signal linear^ 
ly related to the ortho-phosphorus concentration. This signal 
was multiplied by the ratio of total phosphorus/ortho phos- 
phorus concentrations. This modified signal was further mul- 
tiplied by the influent sewage flow rate signal. The flow 
sensor was an electronic flow transmitter connected to an 
existing 72-inch Venturi tube. This allowed addition of the 
ferric chloride solution proportional to the total phosphorus 
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load (lb/day) to the plant. 

A variable ratio controller was used to proportion the coagu- 
lant feed . The coagulant flow control devices were pneumati- 
cally operated control valves. A signal proportional to the 
actual amount of coagulant being fed as determined by a mag- 
netic flow transmitter was returned to the flow ratio indi- 
cating controller as feedback. Differences between the 
required feed rate and the actual feed rate were determined 
by the controller which then initiated the appropriate 
response by two pneumatically operated control valves. A 
density transmitter consisting of a gamma source and detector 
continuously determined the weight contration of ferric iron 
in the coagulant feed solution . This determination multiplied 
by coagulant flow rate resulted in a signal to the ratio con- 
troller which actually fed ferric iron proportional to total 
phosphorus. 

A schematic diagram of the flocculant feed system (4) is shown 
in more detail in Figure 7. The primary flocculant used in 
this example was an anionic organic polyelectrolyte, PURIFLOC 
A23 flocculant. Solutions were continuously prepared from 
bags of the dry flocculant using an automatic disperser. The 
resulting solution was then automatically added to the influent 
sewage by means of a flow ratio indicating controller . The 
solution feed pump drive was adjusted in proportion to the 
influent flow rate utilizing the same type of electronic flow 
transmitter previously described for the coagulant feed 
system. A signal proportional to the actual amount of floccu- 
lant being fed as determined by a second magnetic flow trans- 
mitter was fed back to the flow ratio indicating controller. 
The controller then determined the difference between the 
required feed rate and the actual feed rate and initiated the 
appropriate response by the pump drive. Speed indicators and 
low speed alarms were provided on the duplicate variable speed 
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D.C. drives. Flow totalizers and recorders provided material 
balance data on both the coagulant and flocculant feed systems 

PHOSPHORUS ANALYZER 

A continuous ortho phosphorus analyzer (17) was installed to 
provide a permanent record of ortho phosphorus concentration 
at ten-minute intervals. An electronic signal was also 
generated for adjustment of the ferric chloride addition rate . 
This analyzer was originally developed by The Dow Chemical 
Company and has been licensed to Ionics, Inc. Ortho phos- 
phorus is determined according to the standard colorimetric 
test using aminonaphthol sulfonic acid as the reductant 
(SnCl2 is also compatible with the instrument) . The sample 
is filtered to remove suspended solids prior to colorimetric 
analysis. An acid wash cycle is provided to prevent micro- 
bial growth on the internal surfaces of the instrument. 

APPLICATION OF PHOSPHORUS REMOVAL PROCESSES 

Chemical precipitation-f locculation processes are applicable 
to primary plants, and to both the trickling filter types and 
activated sludge types of secondary plants. The addition of 
chemicals can be made at any of several locations within a 
given treatment plant depending upon the available hydraulics 
and the desired extent of treatment. Improved removals of 
biochemical oxygen demand (BOD) and suspended solids are 
obtained in addition to phosphorus removal. 

This technology has been applied on a laboratory scale at 
wastewater treatment plants in the Great Lake area which 
account for more than one-half of all of the m\inicipal sewage 
flow into the Great Lakes. This process has been evaluated 
in actual full-scale operation at more than 20 different 
wastewater treatment plants. Many plants are currently in 



design or construction or have already become operational to 
meet effluent criteria established by the various Great Lakes 
states. 

Instrumentation is available to control the storage and pre- 
paration of chemicals used in the phosphorus removal processes 
The addition of coagulants and flocculants can be metered 
automatically. Process analyzers also are available to mon- 
itor influent and effluent qualities. 
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(1) INTRODUCTION. 



This papBr deals with handling four of the major 
chemicals used for phosphorous removal at a sewage 
treatment plant - namely - liquid alum, ferric 
chloride solution, lime and polymers. 

Since various chemical suppliers have excellent 
catalogues covering the chemical characteristics, 
handling considerations and compatible materials of 
construction for these chemicals, points covered in 
these references will not be presented in this paper, 
houiever, a listing of the most popular suppliers of 
these catalogues is included in Sections ^, 5 and B, 
It is recommended that these catalogues be obtained 
as a reference for designing a chemical handling and 
feeding system for phosphorous removal. 

Since there seems to be some confusion these days 
regarding the automatic preparation of polyelectrolyte 
solutions from dry polymers, some design considerations 
of such systems are presented in this paper (see Section 7) 

The major portion of this paper is devoted to the 
"heart" of the phosphorous removal system - the 
chemical feeder. Since the majority of chemicals are 
metered into the system as a liquid, the chemical 
feeder for liquids is the so called "metering pump". 
This amazing device, uhen selected and applied corrRctly 
often performs so uiell that it goes unnoticed in the 
system. 

However, its selection is critical for application 
to a phosphorous removal system. It is for this reason 
that this paper will present in detail the various 
points to consider in the selection of the metering 
pump and its related components. 
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(2) METERING PUMPS. 

(2. A) The Metering Pump as a 'Chemical Feeder' . 

A chemical feedEr is a device which accurately measures and 
controls the flou of chemicals (dry or liquid) at rates 
either automatically or manually controlled. 

To illuBtrate"ijhat a metering pump does" in fitting the above 
definition, another type of feed control system is shoiun belou; 




Fig. 2.1 - Schematic of Metering Pump Equivalent Performance , 

A metering pump performs the same functions - only better. 
Its accuracy is better, its metering range is substantially 
greater, its control is more versatile, fewer components are 
required (as ue will see), maintenance is less, calibration 
is far more simple and Its capital cost is much lower. 

As illustrated by the above schematic, a metering pump must 
not only be capable of pumping repetitively accurate volumes 

of chemical, it must have control capabilities which take into 
consideration: 

(1) automatic pacing 

(2) variable dosage adjustment capability 

(3) ovBrall metering range- 
It is for these three reasons that the proper sizing and 
control method for a metering pump be carefully selected. 

A metering pump is principally a flow meter wi th integral flou) 
controller; the 'pumping' capability is an added bonus! 
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(2.B) Stages of Design Develapment. 

Metering pumps uere first developed principally to 
meter small quantities of liquid chemicals (amine, 
hydrazine, phosphate, etc.) into high pressure lines 
of a boiler. Feed rate quantities uere typically 
less than 1 gpm so that pumping rates yere and still 
are traditionally expressed in "gallons per hour" (gph). 
Pressures varied betueen 3DQ psig. and ^,DOD psig. uiith 
the majority of applications in the 500 psig, range. 

This original metering pump incorporated a "packed 
plunger" drive mechanism, ball type check valves and 
a stroke length adjustment device capable of varying 
the pumping capacity from U% to 100% of maximum rated 
capacity. The principle of operation and description 
of components is discussed later. 

The "metering pump" thus developed had limited ap- 
plication in the luater and seuage field until sodium 
hypochlorite solution became a popular method of pur- 
ifying drinking water. The "packed plunger" design did 
not prove to be a good performer for this application. 
Since the packing allows leakage of this corrosive 
chemical, all exposed metal parts corroded badly ulth 
frequent replacement required. As a result, a zero 
leakage, "mechanically actuated diaphragm" metering 
pump uas developed. Its metering head,chbck valves 
and diaphragm uere of 'plastic* materials of construction. 
Even uith its poor metering accuracy, this design proved 
to be ideal for this lou feed rate application. 

As time uent on, the need for a metering pump capable 
of pumping larger quantities of corrosive chemicals was 
required. There seemed to be a limit of 25 gph for a 
"mechanically actuated diaphragm" pump since at high 
stroking rates (in excess of IDD spm), diaphragms larger 
than t»" in diameter and with a longer than H" stroke 
length experienced excessive failure rates. Also, the 
"mechanically actuated diaphragm" unit could not develop 
pressures in excess of 20D psig. at best. 

To overcome the shortcomings of both the "packed plunger" 
and "mechanically actuated diaphragm" designs, the 
"hydraulically actuated diaphragm" metering pump uas de- 
veloped. It could pump at rates up to ^00 gph per head 
and generate pressures up to ^tODO psig. Diaphragm life 
was extended to better than 2 years. 

Its performance was so excellent that it found applications 
outside the metering pump field. As a transfer pump for low 
pumping rates of corrosive chemicals these pumps had tre- 
mendous reliability and ease of maintenance. Other types. 
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(namely centrifugal, gear or progressing cacity) 
had shaft seals which proved troublesame. This ap- 
plication of the "traditional" mEtering pump did lead 
to some misunderstanding. Since the 'metering pump' is 
a positive displacement type, other positive displacement 
pump designs became confused with metering pumps, part- 
icularly when applications involycd the metering of 
larger quantities of chemicals (up to 10 gpm). Gear pumps 
and progressing cavity pumps do have variable pumping rates 
corresponding to a varying rotor rpm, houever, their ap- 
plication is utilized in transfering , not in metering, 
since their capacity control versatility is very limited 
and their pumping output characteristics are very pressure 
sensitive resulting in a suspect repetitive accuracy 
capability. 



(2*C) Basic Design and Principle of Operation. 
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Fig* 2.2 - Metering Pump Basic Components and 
Principle of Operation . 
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In the abouE Figure 2.2, at *A', the suction stroke 
is about to begin, the discharge stroke has just been 
completed and both check valves are closed. At 'B', 
one-half of the suction stroke has been completed, the 
suction check valve is closed; chemical is being drawn 
into the measuring cylinder out of the storage tank. 
At *C' the suction stroke has been completed, the pump 
is ready to begin the discharge stroke. At 'D', one- 
half of the discharge stroke has been completed, the 
discharge check valve is open, the suction check valve 
is closed and chemical Is being expelled out of the 
measuring cylinder to the point of application. 

C2.D) METHODS OF CAPACITY ADJUSTMENT. 

(i) Stroke Length Adjustment . 

This method of capacity adjustment will be 
dealt with first since the standard metering 
pump design incorporates an integral stroke 
length adjustment mechanism. 

Different manufacturers have different designs 
for this item, however, they are basically similar 
in that the "effective" length of travel of the 
plunger is variable from a maximum down to zero. 
At zero, the plunger (or diaphragm) doesn't move 
at all even though the drive mechanism is operating. 
The pump is in effect "spinning its wheels" and 
not doing any pumping. 

There is a critical stroke length (normally at 
about 10% of full stroke length - some pumps 
^%) below which the pumping output ceases to vary 
linearly with a decrease in stroke length. This 
is the 'range of accuracy' of the stroke length 
adjustment mechanism and is discussed further in 
2.F. 

(ii) Stroking Rate Adjustment . 

This method of capacity adjustment is normally 
provided through some means of varying the speed 
of the drive motor. Most metering pumps are sup- 
plied with a constant speed, IflOO rpm, drive motor. 
A fixed stroking rate is provided through a speed 
reducer. As a result, for an individual pump select- 
ed, it has a fixed stroking rate unless variable pos- 
ition U-belt drive is provided or the speed reducer is 
changed. 

Stroking rates in excess of 200 strokes per minute 
(spm) or lower than 10 to 20 spm. are not re- 
commended. Most hydraulically actuated diaphragm 
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pumps are capable of the 2DD spm. limit without 
noticeable deterioration of the diaphragm life. 
At too lou a stroking rate, it appears that the 
check valves have a random 'leak' characteristic 
uith a resulting very random pumping output. 

This lojatroking rate limitation must be uiatched 
carefully uhen using a variable speed drive motor. 
For example, if the metering pump selected has a 
stroking rate of GO spm. at the maximum drive motor 
rpm. , at 1/lOth drive motor rpm. , the stroking rate 
uould be 6 spm. - utell belou the acceptable limit. 



(2.E) Pumping Characteristics. 
Ci) Output Floy 

Refer to Fig. 2.2 and Fig. 2.3 belou - 
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Fig. 2.3 - Metering Pump - Output Floui Characteris tics . 

This pulsating floiij characteristic does cause some dif- 
ficulty in certain cases. Generally its effects are most 
severely felt on high pressure systems. Suction and dis- 
charge line sizing play a major role in minimizing any 
"hammer" associated with these pulsations. As suggested 
in Section (2.H) a simple stand pipe accuoiulator can 
greatly reduce this characteristic. 
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( i i ) Discharge Pressure: 

A metering pump is capable of pumping against a 
pressure. This capability is dependent on the motor 
horsepouer, the speed reducer rating, the stroking 
rate, the stroke length and the plunger diameter. 
In selecting a metering pump, the only important 
consideration is whether or not the pump can generate 
a pressure slightly in excess of the system pressure 
into luhich the chemical is to be discharged. 
The metering pump only generates as much pressure 
as it has to, to overcome the pressure imposed on it. 
Therefore, if the pump is discharging to atmosphere it 
only generates sufficient pressure to overcome the head 
of chemical in the discharge piping plus the pressure 
losses in the piping. Houever, it is important to realize 
that these pumps can generate high pressures. If a valve 
is closed in tie discharge line, or if the line is blocked, 
frozen, etc., the pump will generate sufficient pressure to 
either break the discharge line, damage the cylinder or 
check valves on the pump, or burn out (cut-out) the 
drive motor. 

As discussed in (2.H) a relief valve (preferably on 
the hydraulic fluid) is highly recommended. 



(iii) Suction Head and Suction Lift: 

Metering pump output is completely independent of 
the suction head conditions since during the dis- 
charge cycle of the stroke, the suction valve is 
closed. 

If the suction head is greater than the system dis- 
charge pressure then undesirable syphoning uill occur 
through the pump. This is eliminated by using an 
anti-syphon valve (beck pressure valve) as discussed 
in Section 2.H. Once again the importance of "suf- 
ficient back pressure" is exemplified. 

Most hydraulically actuated diaphragm pumps have a 
suction lift capability. For liquids uith viscosities 
in excess of IDOQ cps, it is recommended that the pump 
be positioned such that it has a suction head at all 
times. 

(iv) Effects of a Uarying Discharge Pressure: 

A metering pump's output should not vary uith a 
varying system pressure into uhich the pump is dis- 
charging. This characteristic is found to be correct 
provided that a minimum discharge pressure is provided. 
This 'critical* minimum back pressure is discussed in 
Section (2.H) where sizing for a back pressure valve is 

outlined. 
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Figure 2.^ belou illustrates the above characteristics. 
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Figure 2.U - Effe ct pf_a_Uar^na_5y5tem Pressjure 
on the discharge characteristic of a metering pump . 



(v) Outp ut Uersus Stroke Length Uariation. 

Above a certain minimuin stroke length, the output 
of a metering pump varies linearly with a variation 
in stroke length. This is shown in Fig. 2.5 belou. 
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Flo. 2.5 - Heterino Pump Output V/ersus Strok e 
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(vi) Output Uersus Stroking Rate Uariation* 

Generally betuieen 20 spm and 200 spm., the 
output of a metering pump varies linearly uith a 
variation of the stroking rate. This is illustratsd 
by Fig. 2.6 belou - 
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ri g. 2.6 - Meterin g Pump O utp ut Uersus Str o king 
Rate Uariatlon, 

(vii) Rep etitive Metering Accuracy. 

If several consecutive samples of (say) 2D minute 
duration of the discharge of a metering pump were 
taken, it would be found that the volumes collected 
uould not vary from one another by more than (say)tl%, 
provided of course, that the stroke length and stroking 
rate were held constant. If this same procedure uere 
performed at several stroke lengths and stroking rates 
uiithin the accuracy range stipulated for the pump, it 
uould be found that the corresponding collected volumes 
uould also not differ from one another by more than the 
stated accuracy (say ^ 1%) of the particular metering 
pump. 

This is what an accuracy statement for a metering pump 
means. It is discussed in further detail in Section (2.F) 
uith the implications of automatic pacing discussed in 
Section (2.G). 

Because of the 'uearing' characteristics of the check 
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values of a metering pump, this metering accuracy 
characteristic does not vary gradually with pumping 
time. The output accuracy remains valid, until the 
check valves are completely worn out and will no longer 
'seat' properly. 

(viii) Uhy such a big motor for such a small pumping rate? 

Motor horsepower is calculated from the force 
acting an the diameter of the plunger (i.e.- the 
system discharge pressure in psig), the (cross section) 
area of the piston, the stroke length and the stroking 
rate plus losses in the speed reducer (etc.) plus tie 
suction stroke loss. 

From these parameters, the follouing simple formula 
iijill give the approximate horsepower requirements: 

Hp = TTX R^ X P X 5L X SR XJ^ + losses. 

12 60 550 

R = plunger radius (ins). 
P = discharge pressure (psig,). 
SL = stroke length in inches, 
SR = stroking rate (spm.) 

E.G - Plunger Radius - 1" 

Discharge Pressure - 200 psig. , 
Stroke Length - 3" 
Stroking Rate - 200 spm., 
Losses - 0,05 hp. 

Therefore - Hp - (approx.) = 

3.1U X 1^X 2DD X 3 X 200 XI + o.D5 = 1 H.p. (approx.), 

12 60 -sfsD 

(2.F) ACCURACY : 

(i) lilhat do Accura cy Statements Mean? 

At this point it is well worthwhile to point out some pitfalls 
of accuracy statements. The mast meaningful statement is 
"accuracy is + x % of actual rate". In this case, if a pump 
is said to deliver + 1% of actual rate, at 100 gph. it is ac- 
curate to within +_ 1 gph,, at 10 gph, it is accurate to within 
+_ 0.1 gph, 

A statement "+ x % of maximum rate" is misleading. Granted, 
at 100 gph. the pumping rate is accurate to within +_ 1 gph 
however, at ID gph, it is also accurate to withintl gph. 
At this rate it is in effect only accurate to within +_ 10% 
of the actual pumping rate. 



Page 10. 



Cii) A Meter ing Pump Accuracy Statement. 

A metering pump's accuracy is based on its ability 
to pump repetitively accurate valumes of liquid 
liihan the stroke length and stroking rate are held 
constant (refer to Section 2E), 

This statement holds true over a stroking rate 
range of say 20 spm to 2DD spm (or whatever is the 
maximum spm) and over a stroke length range - 
normally 10 to 1. Better pumps have a 25 to 1 stroke 
length adjustment range. 

Notice, that if the metering pump has a maximum 
stroking rate of 200 spm and a 25 to 1 stroke length 
range, then the metering pump could accurately de- 
liver repetitive volumes over a 250 to 1 range from 
its maximum pumping rate capability. 

Most metering pumps claim a repetitive accuracy of 
+ 1% of actual pumping rate over some stroke length 
range and over some stroking rate range if the stroking 
rate is to be varied. 

(iii) Range of Accuracy . 

An accuracy statement is not complete unless it states 
a range over uhich this accuracy applies. Beyond the 
accuracy range of a device, (this includes flou meters, 
etc.) you cannot expect a result better than betiiieen 
and the rate at the bottom of the accuracy range. For 
example: If a metering pump is rated at 100 gph and has 
an accuracy statement jk 1% of maximum over a 10 to 1 range, 
at the 10 gph selcting it could be delivering 11 gph or 9 
gph. At any setting belob) ID gph the pumping rate could 
vary randomly between gph and 10 gph. Operation of 
equipment beyond its accuracy range is not in any way 
shape or form worthwhile. 

(2.G) Sizing the Meter ing Pump and Selectin g the Meth od of Capacity 
A djustment . 

(i) For Strictly 'Manual' Contral . 

Refer to Section 3 for determining the maximum chemical 
feed rate, the minimum chemical feed rate and the 'range 
of accuracy' . 

Select 8 metering pump that has a maximum capacity slightly 
above the maximum requirements of the system. Determine 
the minimum accurate delivery capability of the pump by 
dividing the maximum pumping capability by the stated 
range of accuracy for the pump. If this feed rate is 
lower than required by the system then the pump is suit- 
able. If this feed rate is higher, consider another 
manufacturer or consider some type of manual variable 
speed drive. 
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(ii) For Automa tic Pacing. 

Ca) Make sure t here is enoug h control range. 

Normally for automatic pacing the 'range of accuracy' 
required by the system is greater than the 'range of accuracy' 
obtainable by varying only one of either the stroke length or 
the stroking rate. As a result, normally the stroke length is 
left as the manual dosage control and the stroking rate is 
varied from the pacing signal- Refer to Section 3 for deter- 
mination of the metering pump sizing. 

(b ) The most common pacing sig n als and hou j to u tilize t hem . 

1. Time Impulse - this type of control offers the most 
accurate, least expensive and most easily maintained method 
of control. The floui signal is a contact closure for a fixed 
period of time out of a total time cycle. Eg. - for a 
fifteen second total cycle, if full floui is represented by 

a 13 second contact closure and a 2 second contact opening- 
during successive 15 second intervals, half floy would then be 
represented by a 6)^ second contact closure and an B^z second 
contact opening. This control signal can be transmitted over 
any distance. 

To accept this signal, the metering pump is supplied with an 
electromagnetic clutch betueen the constant speed AC drive motor 
and the metering pump speed reducer. The stroke length adjust- 
ment mechanism uould be used for manual dosage setting, 

2. Electronic - (i*-20 ma DC and 10-50 ma DC are the most common). 
It is recommended that the meter-pump be supplied with an SCR 
variable speed drive (with tachometer generator feed back) capable 
of accepting the above signal. It is also recommended that the 
SCR controller be supplied uiith a speed indicator from the tach- 
generator and an incoming signal milli-ammeter. These two values 
can then be compared to ensure proper speed response from the drive 
motor to the pacing signal. The stroke length adjustment mechanism 
is used for manual dosage setting. Be careful that the minimum 
stroking rate at the lowest flow signal does not produce a stroking 
rate lower than 20 spm. 

3. Pneumatic - 3-15 Psig. It is recommended that the metering 
pump be supplied with a stroke length adjustment mechanism cap- 
able of accepting this signal. If the overall required metering 
range is greater than the stroke length adjustment range of ac- 
curacy, then a manual variable speed drive woiid also be required 
to manually vary the stroking rate for dosage setting, 

NOTE: - It is important to know the actual flow signal at the 
maximum design flow to be treated. Eg. The maximum flow to be 
treated might be 1 Mlgd, while the flow meter is rated for 2 
Mlgd and gives half signal at 1 Mlgd, Careful attention would 
have to be paid to this situation and either the pump would have 
to be sized larger or the flow signal "expanded" to a higher value. 
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C c ) Cnn t ro 1 from tu o separate pacing signals . 

If the metEring pump is to he paced from two variables 
(e.g. - a flow signal and a pH or phosphorous signal) then 
it Is recommended that the flou signal be either time-impulse 
or electronic and adjust the stroking rate while the other 
signal be electronic or pneumatic and adjust the stroke length. 
A metering pump is an ideal device for pacing from tujo variables 
due to its extremely versatile control. Fig. 2-7 shows one such 
system and also details the various components of the stroke 
length and stroking rate automatic positioners. 




Fig. 2.7 Metering Pump - Automatic Control from tuio 
pacing signals. 
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(d) Lihat happens to accuracy in a pace^system- 

fls noted prev/iously, the niEtering pump accuracy statement 
only cavers the repetitiue pumping accuracy of the pump and 
assumes that the stroking rate and stroke length are positioned 
ujithout error. 

Uith automatic control, some control device actually positions 
the stroking rate or stroke length to a value in accordance 
uith an automatic pacing aiynal. Any error in this poGitionlng 
adds to the inaccuracy of the pump. It is in this controller 
that most of the inaccuracy of a metering pump exists and these 
devices must be carefully selected. 

The total system inaccuracy uill include the inaccuracies of 
the pacing signal itself, the inaccuracy of the metering pump 
capacity adjustment 'positioner* plus the metering pump itself. 
Each plays an important part, 

(2.H) Accessories and System Components. 

(i) Ch^ck Ualve DEsi_gn._ 

Check valves are the major items on the pump which should 
be periodically inspected for wear or "blockage". 

Check valves which can be removed without disturbing the 
suction and discharge piping are a definite advantage. This 
type of valve can be removed in seoonds making inspection easy. 
Traditional types are threaded into the line and require a 
major disassembly procedure for inspection. 

(ii) Relief yBlve_-_shauld_be interna]^ hydraulic. 

Since a metering pump is capable of generating pressures 
normally in excess of the discharge piping rating of the system, 
a relief valve is an important design requirement. 

Relief valves on the process fluid have traditionally not been 
used for low discharge pressure systems on corrosive chemicals 
since no relief valves proved reliable for the service. UJith 
the introduction of the "hydraulically actuated diaphragm" pump, 
however, it uas passible to put the relief valve on Ihe hydraulic 
drive fluid and give protection to the system: These valves form 
an integral part of the pump and are fully piped and mounted on 
the pump, A relief valve should be required in a system to meet 
Department of Labour regulations. 

(iil) Back Pressure Valve. 

To ensure a linear discharge characteristic with varying stroke 
length and stroking rate, a metering pump requires a minimum 
"back pressure". This required minimum back pressure CBP) 
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is approximately calculated by the follauiing formula: 

Required BP(psig) = Maximum rated capacity (Igph) 

(diameter (inches) of suction cDnnection)^ 

Besides providing a linear pumping characteristic, a tight 
seating back pressure valve also eliminates any 'syphoning' 
through the pump should the suction head be greater than the 
discharge pressure as discussed in Cection 2E (111). E3ack 
pressure valves that "fail-safe" are of a preferred design. 
Others let chemical "squirt" out. 

It is ta be noted that as yet no reliable "back pressure valve" 
has been developed for slurry service. (see vyil for a suggestion). 

Civ) Suction and Discharge Piping. 

The follouinc;; formula should be taken into consideration 
ujhen sizing suction and discharge lines: 

I-D. = Q,^U'\f^' (viscosity belou 1DGD cps) uhere I.D. = 

I.D. of suction and discharge line. (ins) 
Q = max. metering pump capacity (USGPH), 

T his formula assumes the max. desired line velocity at 
2 ft. /sec and takes into account a velocity correction factor 
for metering pumps at 2 ?i. This velocity correction factor 
is necessary due to the "sinusoidal" flou characteristic. If 
an accumulator is used on the discharge line, its I.D. can be 
sized uithout using this factor. Suction lines should be kept 
short , particularly for slurries and viscous chemicals. 

If the viscosity is above IDDD cps, the suction line diameter 
should be increased above that stipulated in the formula. The 
amount of increase is a function of pumping rate, viscosity, 
suction line length and head of suction on the pump. Note, 
for viscosities in excess of lODD cps, the pump must have a 
flooded suction. 

Wote - when pumping lime slurry, suction and discharge lines 
should be flushed uith uater daily . Place a water supply line 
between the tank shut-off valve and the pump suction connection 
- Gee Fig. 2.6 (section vi) - the water supply line can replace 
the graduated cylinder. 

(v) Uhere to put the shut-off valves? 

The following valves are recommended in the system: 

(a) At the storage tank - suction line connection. 

Cb) If the suction line is longer than say ID feet, 
or if more than one pump is fed from the same 
header, then a valve should be placed close to the 
pump suction cannection. 

(c) Close to the pump discharge connection- 

(d) Depending on the system, a valve may or may not 
be placed at the point of application. 
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(ui) Floui indicator and Pump Cal lbrBtar 
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Pig. 2. 8 - Metering Pump - Flou Indicator and Pump Calibrator . 

It is difficult to determine when looking at a metering pump that is 
running whether or not it is pumping and whether or not it is pumping 
the proper amount. A device as shaun in Fig. 2.B uill provide a simple, 
quick and accurate check of both requirements. 

The graduated cylinder can be filled uith process chemical or with 
another compatible liquid (e.g. - water). 

To check for pumping rate, open the valve on the graduated cylinder and 
close the valve to the chemical storage tank. Time hou long it takes 
for a calibrated volume to be pumped out. From this, calculate the 
equivalent gph and compare this to the desired value. 

Size for the graduated cylinder is suggested to be such that at maximum 
pumping capacity, the graduated cylinder empties in no less than 2 minutes, 

This device has another advantage. If it is filled with water (or a 
compatible flushing liquid for the chemical being utilized) the pump 
can be flushed out prior to inspection of check valves, etc., and thus 
avoid chemical spills on the floor. 
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Cvii) A Simple i^tand-PipE Accumulator. 
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Fig. 2.9 - Stand-Pipe Accumul atar Far 'Damp inol. Puis at ig jis 
GenErated by a Metering Pump . 

Should pulsations not be an acceptable characteristic in the 
chemical feed system; the stand-pipe accumulator shoun in the 
above Fig. 2.9 is recommended as a simple correctiue measure, 
in use, the air which is initially held under pressure in the 
stand-pipe dissolves in the chemical being pumped and as a re- 
sult periodic draining of this accumulator is required. 

Sizing of the Accumulatar can be made utilizing the follouing 
formula : - 

(a) Far stroking rates less than 100 spm - 

Uolume (gallons) = 5 X max. pumping rate (gpm). 

stroking rate (spm). 

(b) For stroking rates above 10D spm - 

Uolume (gallons) = 5 X max. gpm X spm. 

100 100 

This accumulator should be placed as close to the discharge 
connection of the pump as possible. 
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This accumulator when coupled uith a restricting orifice doun- 
stream of (but close to) the accumlator could be utilized as an 
effective back pressure device when pumping slurries. 

Sizing and materials of construction of the orifice uould be 
critical. Uith no field data on this suggestion at the present 
time, a sizing formula is not available. 

(2.1) Recommended "Performance" Specificati ons . 

It is recommended that the specifications far the metering 
pump contain as many details as passible about the entire system 
that have a bearing on the metering pump. The details of this 
system could be included under a heading " Metering Pump System 
Consider at ions "and follou a format such as; 

The metering pump is to handle see (1) solution (slurry) in a 
see (2) % concentration. The temperature of this solution uill 
not be above see (3) deg. F. nor belau see iW) deg. F. This 
chemical uill be contained in a nearby storage tank such that the 
suction line length will be not more than see (5) ft. and the 
suction head (lift) uiill approximately vary betueen see (6) ft. 
and see (7) ft. The discharge line length mill be approximately 
see (6) ft. from the metering pump to the point of discharge 
and this point uill be above (belou) the elevation of the metering 
pump by see (9) ft. The chemical is discharged at the point of 
application (select one) 

(a) to atmospheric pressure. 

into a pipeline or vessel at see (ID) osio. 



The metering pump must be capable of delivering a maximum of 
see (11) gph of the above chemical. 

This represents treating a maximum flou of see (12) gpm. at a 
dosage of see (13) mg/l. The minimum practical flou to be treated 
is see (1^) gpm uhile the minimum probable dosage uill be see (15) 
mg/l. This represents a range of see (16). 

Select either (a), (b), or (c) belou - 

(a) The metering pump must be capable of having its 
capacity manually varied from the maximum capacity 
doun to see (17) gph. 

(b) The metering pump must be capable of having its 
capacity automatically varied over the entire 
above flou range from a see (IB) pacing signal. 
The actual flou corresponding to the maximum pacing 
signal is see (19) « Dosage is to be adjusted manually 
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Duer the entire dosage range of see (2D) 

(c) The metering pump must be capable of having its capacity 
automatically varied over the entire above flou range 
from a see (18) pacing signal. The actual flou corresponding 
to the maximum pacing signal is see (19) . Dosage is to be 
adjusted automatically over the entire dosage range of see (21) 
from a see (22) pacing signal. 

The metering pump motor must be suitable for see (23) electrical 
characteristics. The metering pump and motor must be coupled 
together and mounted on a common floorstand. 

Metering Pump Design - (recommended points to include) 

The metering pump shall be a positive displacement hydraulic 
actuated diaphragm pump. The pump delivery shall be repeatable 
Liithin _+ 1% of actual output over the entire see (16 ) range. 

Each head shall be suitable for metering and pumping the chemical 
solution (slurry) at the rates and under the conditions stipulated 
in the previous "Metering Pump System Considerations". 

Select one of (a) or (b), 

(a) The metering pump is to be supplied with a manually 
adjustable stroke length adjustment mechanism capable 
of varying the pumping rate from 0% to 100% of rated 
maximum capacity and provide positive repeatable 
settings within + 1% over the range stipulated above. 

(b) The metering pump is to be supplied uith a manually 
adjustable stroke length adjustment mechanism for 
dosage capable of varying the pumping rate from Q% 
to 100% and provide positive repeatable settings 
uithin +_ 1% over the dosage range stipulated above. 

To accept the automatic pacing signal stipulated 
above, the metering pump shall be supplied ulth - 

Select either (i) or (ii) 

(i) an electromagnetic clutch betujeen the drive 

motor and the gear reducer with the necessary 
controls to accept the time-impulse signal 
directly. 

(ii) a variable speed drive unit incorporating 

an SCR variable speed drive control (suitable for 
accepting see (2^) electrical supply) and a DC 
drive motor. The drive motor shall be TEFC, with 
a tachometer-generator attached. The signal from 
the tachometer generator will be utilized as feed- 
back by the SCR 
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contraller to provide a speed regulation of 
+ 1% of actual speed over the required range. 
Mounted on the SCR control panel uill be a hand- 
auto switch, a potentiomEter used to vary the 
motor speed uhen the switch is in the hand position, 
a speed indicator and a floui signal indicator. 

Materials of construction of the uetted parts of the metering 
pump shall be see (25) . 

The check valves are to be of the ball type and shall be re- 
moveable without disconnection of any piping. 

There shall be supplied an internal hydraulic relief valve 
with the pump forming an integral part of the pump, fully 
mounted and piped into the hydraulic system. This valve shall 
be set to by-pass hydraulic fluid when the system pressure 
reaches see (26) psig. 

There shall be supplied a hack pressure valve mounted and piped 
onto the metering pump capable of imposing at least see (27) psig, 
on the discharge of the pump. 

The pump drive motor shall be a minimum of see (28) horsepouer. 

Accessories supplied with the Metering Pump. 

(1) The metering pump shall be supplied with a graduated 
cylinder and ball valve as shown in the attached sketch 
(refer to Fig. 2.8 in this paper). The valve shall be sized 
no smaller than the suction connection on the pump. It shall 

be of PUC and polyethylene construction with the level of liquid 
in the cylinder capable of being easily seen on the graduated 
scale. Scale graduations shall be in see (29) gallons and 
see (3D) gallons. 

(2) The metering pump shall be supplied with a stand-pipe 
accumulator and valve as shown on the attached sketch (refer 
to Fig. 2.9 in this paper). It shall be see (31) ins. dia. 
X see (32) ins. high and the ball valve shallbe the same 
size as the discharge connection of the pump. Materials of 
construction shall be PUC. 



The following are examples of data to "fill in the blanks" 
noted above: 

(1) lime slurry 

(2) 2D% 

(3) ao deg. F. 
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iU) 35 deg. F. 

(5) 3 feet 

(6) B feet suction lift 

(7) 2 foot suction lift 

(8) UD feet 

(9) la feet 
(ID) on psig. 

(11) 150 Igph- 

(12) 3500 Igpm. 

(13) 150 mg/1. 
(li*) 500 iQpm, 

(15) 50 mg/1. 

(16) 21:1 

(17) 6 Igph. (approx.) 
(16) it - 20 ma DC 

(19) ^DDD Igpm. 

(20) 3:1 

(21) 3:1 

(22) t*-20 ma DC 

(23) 575/3/60 
(2i*) 115/1/60 

(25) mild steel cylinder, 316 s.s, checks, 
hypalon diaphragm, 

(26) 50 psig, (if discharge is to atmospheric pressure 

(27) a back pressure value is not suitable for slurry • 
suggest utilizing the accumulator — r orifice 
discussed in Section 2H-U11, 

(26) 1 horsBpouer 

(29) 1 gallon increments 

(30) 0.1 gallon increments 

(31) ii" diameter 

(32) 10" high. Page 21 



(3) Calculating the Maximum and Minimurn Feed Rat es for the 
Chemical Feeder. 

The follouing is a step by step procedure for determing 
the maximum and minimum chemical feed rates uith a com- 
putation to determine the "range of accuracy" required by 
a feeder for the system. 

The follouing tables provide a handy reference for determining 
the pounds of effective chemical per gallon of solution. 

Ferric Chloride - 

Ferric Chloride solution can be delivered in bulk quantities. 
The solution strength varies from about 35% to 50%. Dosages 
are normally expressed in terms of "lbs. of FECI3". 




Table 3,1 - Pounds of FeCl-, per Imperial gallon of 
solution at various concentrations. 
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Alum - 

Liquid alum is delivered in bulk shipments as a ^8% solutinn. 
There are 6.5 lbs, of standard ground alum per Imperial gallon 
of this UB% solution. Standard ground alum (SGA) f\l2iSUU)^'l^^2^ 
is the standard 'effective chemical' used to express dosages. 
If A1+++ ion is used, note that 1 lb. of SGA contains 0.09 lbs. 
of A1+++, 

Lime Slurry - 

These slurries are normally made-up in concentrations 
varying from 5% to 25%. Dosages are usually expressed in 
terms of lbs- of "CaCOH)^". 



^ ^^'^^^ = ^^.r^%ffri'^....r.. ^ '0^% 




4 2 J- ^ 

pooNP^ OF- Cct^n)^ Per. ImP- Qalkqp\j op 7/^/e/?y 



Table 3.2 - Pounds (CaCDH)^ per Imperial 
gallon of slurry at various concentrations. 



Page 23. 



step by Step Procedure . 

Having selected which chemical is to be used for treatment, 

hou many pounds of "effective" chemical (for purposes of 

simplification this uill be referred to as 'EC') are there 

per Imperial gallon of the chemical solution (or slurry) selected? 

Eg. - Alum - standard ^8% solution delivered in bulk: lbs 'EC 
= 6.5 lbs. of dry filter alum per Imperial gallon of solution. 

liJhat are the maximum and minimum dosages of 'EC in mg/17 

This is normally determined by jar teat, pilot plant study 
or some other chemical analysis. It is important in sizing 
the chemical feeder to know in advance the maximum and minimum 
practica l chemical dosages that over the course of a year could 
be encountered. Any maximum to minimum dosage ratios greater 
than 20:1 should be avoided since the chemical feeder uill probably 
not be capable of providing accurate control ui hen coupling this 
ididely varying chemical dosage lulth a varying flou to be treated. 

LJhat are the maximum and minimum instantaneous floujs to be treated? 

This is an important point and two situations are to be considered: 

(i) Manual Control -If the chemical feed rate is to be set by 
•hand' or if the chemical feeder comes 'on and off with (say) 
a seuage pump, then the chemical feeder selected need only have one 
means of capacity control, provided that this one manual control 
device can vary the chemical feeder output accurately over a uide 
enough range determined in item (E) belou. 

(ii) Automatic - Dpen-Loop Pacing from "Flouj". 

If the chemical feed rate is to be automatically paced from flow 
(common situation), then the floy meter initiating the control 
signal is a limiting item in the control loop and must be looked 
at carefully. The maximum floui to be treated must be the flow 
corresponding to the maximum flow signal of the flou meter even 
though this flou may be higher than any flous to be treated. 
The chemical feeder must be sized based on this flou signal* 
In determining how much chemical is to be used, obviously the actual 
maximum flaw would be utilized. 

In determining the minimum flow to be treated (as far as pacing 
the chemical feeder) - select the minimum flow corresponding to 
the lowest accurate signal sent by the flou meter* 

Depending on the manufacturer, most flow meters have a 5 to 1 
(aome have 10 to 1) flow range from maximum flow capability of the 
flow meter. 
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NOTE: - "InstantanBOus" flows must he used since the chemical 
feeder must follau "instantaneous" flow signals, 

(D) LJhat are the maximum and minimum chemical feed rates 
expressed in Imperial gallons per hour? 

(i) Maximum chemical feed rate CIGPH), 

= 1/2.^ X Max . FlDu (MIGD) X Max. Dosage (mg/1) x 1 



lbs. (EC) I.E. sol'n. 



(li) Minimum chemical feed rate CIGPH), 

= 1/2. ii X Min. FlobJ (MIGD) X Min. Dosage (mg/l X 1 

lbs. (EC) I.G. sol'n. 

Eg. - Max. Instantaneous flaxii = 1 MIGD, 

Min. " " = 0.1 MIGD. 

Max, Dosage = 150 mg/1. 
Min, Dosage = 50 mg/1. 

Lbs. (EC) per Imperial gallon of solution = 6.5 lbs. 

Max, Chemical Feed Rate - 
1/2. it X 1 X 15D X 1/6.5 

= 9.6 IGPH. 

Min, Chemical Feed Rate - 
= 1/2. it X 1 X 15D X 1/6,5 
= D.32 IGPH. 

(E) Uhat is the "Range of Accuracy"? 

Range of Accuracy = Max. Chemical Feed Rate 

Min, Chemical Feed Rate 

Eg. - from (D) above - 

Range of Accuracy = 9.6/0.32 = 30:1 

Dosage Range = 150/50 = 3:1 

Floui Range = l/.l = 10:1. 
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ik) Alum Handling. - Also see Section 3. 

Liquid Alum is narmally supplied in Ontario in bulk loads. 
A storage tank should be supplied capable of holding at 
least 1)^ loads. This ensures that the tank can accept a 
load even uihen it is 1/2 full. 

It is recommended that the booklet entitled "Aluminum 
Sulphate" be obtained from the Allied Chemical Company 
located in Toronto. 

(5) Ferric Chloride Handling. - Also see Section 3. 

Ferric Chloride solution is also supplied in bulk loads. 
Storage tank sizing is the same as suggested for liquid 
alum. 

It is recommended that the booklet entitled "Handling 
Ferric Chloride" be obtained from the Dou Chemical Company 
in Toronto. 

(6) Dry Feeders. 

Dry feeders are nou mainly restricted to tuo chemicals - 
namely - dry polymers and lime (hydrated or quicklime). 

This device, like the metering pump, should be selected 
carefully. Dry materials houiever, cannot be"pumped", 
they must flou by gravity out of storage, through the 
feeder and into the 

(a) "slurry tank" in the case of hydrated lime. 

(b) "alaker" In the case of quicklime, 

(c) "uettlng device" in the case of dry polymers. 

A description of the various types of dry feeders is 
contained In "Lime-Handling, Application and Storage" 
available from Oomtar-Lime Division in Toronto, This 
text covers these devices so uiell that a further de- 
scription is not included in this paper. 
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(7) Dry Polymer Handling and Solutipn Preparation. 

A system for handling dry polymers is to be selected 
carefully in order to ensure that the full chemical 
properties of the polymer are utilized. Many times a 
polymer has been considered ineffective chemically 
uhen, in fact, if it had have been properly uetted 
mixed and aged, it might have performed uell. An 
improperly prepared polymer solution, or a "too long 
in storage" polymer solution can be reduced by as much 
as 90% of its effectiveness. 

Dry polymers are normally shipped in bags or drums. 
To be utilized properly each individual dry particle 
must be wetted (placed in violent contact uith water) 
such that no two or more particles are touching when 
the initial contact with water is made. If two or more 
particles are touching, an insoluble agglomerate ("fish eye") 
is formed which is chemically useless and can plug pumps, 
lines, etc. Once these dry polymer particles are properly 
wetted, they are mixed with a slow speed mixer (itOD rpm max.) 
Concentrations by weight of dry polymer to water in a 
polyelectrolyte solution are typically 0,5% to D.1%. 

During this mixing cycle, which for most polymers is 
about 1/2 hour to 2 hours, the polymer "ages" to form a 
'reactive' solution. Once the required "age and mix" time 
is completed, the solution can be either utilized directly 
from the age and mix tank or can be transferred by gravity 
(or by a low shear positive displacement transfer pump) to a 
storage tank from which it then can be utilized. 

For an automatic polymer make-up system, a separate 'age 
and mix' tank and storage tank are utilized. Generally, if 
polymers are to be utilized at rates greater than 1 lb. per 
hour, an automatic preparation system should be seriously 
considered. The tankage and man hours are much less. The 
heart of the automatic system is, of course, the dry feeder 
and 'wetting' device. Theae must be selected very care- 
fully, several bad designs are on the market. 

The polymer solution is automatically prepared in a 
(manually adjustable) constant concentration. The auto- 
matic make-up system must be capable of preparing this 
constant concentration to very close tolerances without 
•fish eyes' and without "down time". 

Mote - Manual methods of polymer solution make-up are well 
documented and will not be presented in this paper. 
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For automatic systems, it is recammended that the "age 
and mix" tank be sized as follows:- 

A.M.l =:~r X "A,T.^"X M.U.R. + (fill time + empty time) M.U.R , 
60 6G 

A.M.T. - Age and mix tank size (gallons) 

A.T. = Max. age time required by polymer, (minutes). 

M.U.R. = Max. use rate of polyelectrolyte solution (gph). 

Fill time and Empty time are in minutes, 

Polyelectrolyte solutions start losing their effectiveness 
as soon as they are properly 'aged'. It is important therefore, 
to utilize them uhile they are still effective. Maximum storage 
time is recommended to be 2 to 5 days. Generally, the storage 
tank can be sized to contain one day's normal use . 

"Deterioration rate" is effected by the following: - 

Temperature - the higher the temperature, the faster 
the deterioration- 

pH - A pH of 7 is preferred, above 7 deterioration is rapid. 

Make-up Cancentration - the higher the concentration the 

more stable. 

The metering and pumping of the polyelectrolyte solution to the 
point of application is normally performed by a metering pump. 
Unless uiastage of polymer can be tolerated, a high accuracy pump 
as described in Section 2 of this paper should be utilized. 

The metering accuracy of the pump feeding this polyelectrolyte 
solution is vitally important. For a vacuum filter application - 
too little polymer and the filter blinds, too much polymer and it 
won't pick up the sludge. For a centrifuge, too little polymer 
and the centrate is dirty, too much and polymer is wasted. 

It is recommended that the polyelectrolyte solution be diluted 
•( up to 1/^Dth % concentration) before being introduced to the 
treatment system. To achieve this, water can be introduced into 
the Rt3lymer solution close to the discharge of the metering pump 
as shown In Figure 7.1 - on next page. 
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Fig. 7.1 - Dilution Ulater Piping, 



Generally tuo cirteria are to be folloued in designing 
a polymer handling system. - 

(1) design a maximum of flexibility. 

(2) metering accuracy is vital. 
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(Q) Lime Handling . - Also see Section 3. 



The handling and feeding of lime is covered by 
another paper being presented at this Seminar, 

As mentioned in Section 6, a very useful and 
complete text on lime - both hydrated and quicklime 
is - "Lime-Handling, Application and Storage" and 
is available from Dnrntar-Lime Division in Toronto. 
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USE OF LIME FOR PHOSPHORUS RhMOVAL 

PURPOSE 

The technology for removal of phosphorus from wastewater has 
developed rapidly in the last few years. The need for practical phosphorus 
removal procedures is a result of the over-fertilization and eutrophication 
of the country's surface waters. This further resulted in the establishment 
of water quality standards that limit the concentration of phosphorus enter- 
ing the receiving waters. 

Research and demonstration studies at several cities in the past 
few years have been undertaken to advance the knowledge of phosphorus 
removal. This paper is intended to summarize process design information 
and operating experience on the use of lime, including the direct use of 
dry unslaked lime for phosphorus removal. 

SCOPE 

The paper is concerned with the use of lime for phosphorus 
removal . Process design information and operating experiences are pre- 
sented. Comparisons of the lime handling methods are presented and 
recommended methods are demonstrated. Details of the lime itself (solu- 
bility, heat of reaction, and other chemical properties) are not presented. 
Similarly, specific details of equipment and equipment alternatives are 
not presented. This information may be found in one of several books 
and papers explicitly written to serve as a guide to designers and oper- 
ators of water, sewage and chemical process plants. [Table 1). 



TABLE 1 



REFERENCE MATERIAL FOR UES^G^fERS OF LIME SYSTEMS 



Lime, Handling, Application and Storage , Bulletin 213, National Lime 
Association, (.May, 1971) 



Chemistry and Technology of Lime and Limestone , R. S. Boynton, John 
Wiley and Sons, Ci966) 



Chemical Treatment of Sewage and Industrial Wastes , W. A. Parsons, 
Bulletin 215, National Lime Association, (1965) 



Process Design Manual for Phosphorus Removal , Black ^ Veatch, Consult- 
ing Engineers, U.S. Environmental Protection Agency, (1971) 



Lime - Storage, Handling and Feeding , T. Fahlenbock, Water and Pollu- 
tion Control, 111, (3), 39 (1973) 



Unslaked Lime - Its Direct Use in Water Treatment , F. L. Ward, Water 
and Wastes Engineering, December 1965 



Dry Feed of Ground Quicklime Without a Slaker , A. A. Hirsch, Journal 
American Waterworks Association, December 1962 
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BACKGROUND 

The addition of lime to raw wastewater for the purpose of 
phosphorus removal has been practiced at a number of plants. Removal of 
the phosphorus in primary treatment is accompanied by increased BOD and 
suspended solids removal and thereby reduces the organic load on the 
secondary treatment facilities. Reduced organic load benefits over- 
loaded plants and also aids in establishing nitrification. Other possible 
benefits include improved oil, grease and scum removal and less corrosion 
of the primary sludge handling system. 

The main disadvantage to lime usage for phosphorus removal 
expressed in the literature has been the increased volume of primary 
sludge which results. For most primary plants, it is anticipated that the 
sludge produced in the primary will be three times normal. This is not 
as bad as it seems as one half of the increased sludge volume can be 
attributed to increased suspended solids removal. Also, as the load to 
the activated sludge section of the process is reduced by about S0% with 
lime treatment, the quantity of waste activated sludge^ which is difficult 
to dewater, is reduced accordingly. 

METHODS OF LIME HANDLING 

The method of storage and feeding of lime as presented, practiced 
at full scale or at pilot scale, is one of three possible methods: bag 
or bulk hydrated lime batch slurry make-up, storage and controlled rate 
feeding; dry hydrated lime bulk hopper storage, batch continuous slurry 
make-up and controlled rate feeding; and dry quicklime bulk hopper storage, 
slaking, slurry storage and controlled rate feeding. 
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SLURRY STORAGE AND CONTROLLED RATE FEEDING 

Storage and handling for small plants has involved bulk or 
bag hydrated lime batch slurry make-up, storage, and controlled rate 
feeding. This method is practiced at Newmarket, Ontario, and is shown 
schematically in Figure 1. At periodic intervals, normally every two or 
three weeks, a batch of slurry is made up by mixing the dry lime hydrate 
with water in the slurry storage tank. Nominally, the lime is made up as 
a 20-25 wt % slurry of calcium hydroxide and approximately 900 1 gal of 
slurry storage is required per MIGD. As dry hydrate is most economic- 
ally delivered in bulk in 20-ton quantities, storage tanks of 17,000 
I gal or larger are required. Sizing and mixing requirements for several 
possible tanks are presented in Table 2. 

When slurry operation is carried out in the above manner, 
additional mixer horsepower is required during slurry make-up. The 
agitator horsepower requirement is almost doubled. Lime dust problems 
are also encountered. Also, a small auxiliary lime storage tank is re- 
quired for use when slurry is being made up in the main tank. These 
problems can be overcome by using a continuous slurry device. Such a 
slurrying device is the Halliburton Jet-Slurries Mixer. The mixer has 
a capacity of about 200 I gal/min and can process about 20 tons of dry 
lime hydrate in about 2 hours, producing a dustless slurry. In the pro- 
cess, water at 70 psi pressure is required. Slurry make-up, using the 
device, has been carried out with some success at several plants in 
Ontario - namely - the Markham Sewage Treatment Plant and the Tottenham 
and Waterford Lagoons, 

The slurry is pumped from the storage tank to the point of 
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TABLE 2 



SLURRY STORAGE TANK REQUIREMENTS 



FLOW 
MIGD 


STORAGE 
TONS 




TANK SIZE 




1 
MIXER 

HP 


FT^ 


I GAL 


SQUARE 


CYLINDRICAL 


■ 
1 


20 


2800 


17,000 


14 ft 


15 ft 
X 15 ft 


8 


2 


30 


4200 


26,000 


16 ft 


20 ft 

X 15 ft 


13 


3 


45 


6300 


40,000 


18-1/2 ft 


20 ft 
X 20 ft 


20 


S 


60 


8400 


52,000 


20 ft 


2-20 ft 
X 15 ft 


2-13 
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application as needed, via a metering pump (normally a positive displacement 
pump"). With lime slurries, certain precautions with respect to pump and 
piping design should be exercised. They include: 

1) Back pressure (non-siphoning) devices cannot be used as they plug 
readily. Thus, the exit point for the slurry must be such that siphon- 
ing cannot take place. (Applies to positive displacement pumps which 
employ check valves, progressing cavity pumps (such as Moyno) are not 
subject to this condition. 

2) Abrasion damage to pumps and impellers from grit in the slurry, 
scaling by calcium carbonate, or settling out of lime in stagnant 
pockets necessitates a rigid schedule of inspection. Pumps should 
be opened and dismantled weekly. 

S) The pump and piping system should be designed with a fresh v^ater 

flushing mechanism. Pumping systems should be flushed daily to main- 
tain control on sludge and scale build-up. 

4) The slurry should discharge through an air gap at the point of appli- 
cation to prevent scale formation. 

BULK DRY LIME HYDRATE STORAGE 

The second method of feeding lime employs dry hydrated lime bulk 
hopper storage, batch-continuous slurry make-up and storage and controlled 
rate feeding to the point of application. Considerable savings with increased 
plant size over the slurry method can be effected by this method of lime 
handling owing to the reduced labour cost involved in handling the product. 
In addition, there are other advantages, including faster unloading, 
elimination of losses from spillage, better house cleaning since modern 
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handling systems are completely enclosed, and less hazard to employees. 

The technique is being practiced on a trial basis in Ontario 
using a number of moveable package demonstration lime handling facilities. 
Sewage treatment plants which have tested or are testing the facility 
include the following; 

1. Owen Sound - (MOE) 

2. London *? (M. M. Dillon) 

3. Wallaceburg -^ (LaFontaine - MOE) 

4. Caledonia - (D . Wilson) 

The dry feed storage system employs four main components: 
1) a storage hopper, 2) a dry feed element, 3) a mixing pot or solution 
tank and 4) a slurry pumping and metering device. 

The storage hopper may consist of one or more storage units. 
The total storage capacity should be at least 50% greater than the 
minimum truck delivery. Reserve capacity should be such that at least 
seven days' but preferably fourteen days' supply is on hand at all times. 
The silo must be designed to handle the erratic flowability of dry 
hydrated lime. Lime tends to absorb moisture readily, forming an adherent 
soft cake which can cause arching or bridging in storage. It also tends 
to form rat holes, craters or chimneys, due to its fluffy texture and 
possibly electrostatic charges. Then, after collapsing, the lime hydrate 
may become fluidized, thus flooding the discharge opening. 

Owing to the inherent problems in the flowability of lime, 
several design factors have been developed to facilitate operation. They 
include : 
1) Bin construction should be such that internally the tank is free of 
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any features which could resist material flow and cause build-ups. 

2) A height/diameter of 2-1/2 - 4 is desirable, 

3) The hopper bottom should have a minimum slope of 60 degrees from the 
horizontal. 

4) The hopper should also include a dust collector, pneumatic hook-up 
line, manual bin gate Cvalve^ and a fail-safe pressure relief system. 

5) The hopper should also include one or more hopper agitation devices. 
For hydrated lime, air jets and pulsating air pads should be used to 
aid the flow - the air serving to fluidize the hydrate. The jets 
and pads should only be operated when lime is being fed from the 
hopper. 

A schematic diagram of a typical storage hopper is presented 
in Figure 2. 

The second component of the dry feed system is the dry feed 
metering element. This element may be one of two types: a volumetric 
feeder (dispensing chemical on a volume basis} or a gravimetric feeder 
(dispensing chemical on a weight basis). Volumetric feeders are cheaper 
and more inaccurate than gravimetric feeders; however, they are less 
complicated and more robust and thus require less maintenance and are 
more trouble-free. Owing to these last two factors and the erratic 
behaviour and scaling of lime, volumetric feeders are recommended. As 
lime has a variable bulk density, periodic recalibration of the volumetric 
feeder is required (twice a week). 

Although the main function of the feed element is to dispense 
chemical, it also incorporates a number of other features. These stem 
from the poor flowability of lime. The device must be able to handle a 
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flooding situation. Secondly, the feeder must be constructed in such 
a way that moisture (either water or wet air) cannot get into the silo. 
Finally, the feeder must be designed so that splashings from the solution 
tank located below the feeder will not cause scaling of the feed element. 

The third and fourth features of the feed system, the solution 
tank and metering pump are similar to that for the slurry feed system. 
A schematic presentation appears as Figure 3. The unit operates as a 
batch-continuous unit. The dry lime hydrate and slurrying water do not 
vary and are fed into the slurrying device in constant proportion to one 
another. Level controls in the slurry storage tank operate a solenoid 
valve on the slurrying water supply and "on-off" control of the dry feeder 
The constant strength slurry in the storage tank is fed to the point of 
application by a slurry feeder which is automatically paced from the 
flow signal. 

BULK DRY QUICKLIME STORAGE 

The third method of feeding lime employs dry quicklime bulk 
hopper storage, batch or continuous slaking, slurry storage and controlled 
rate feeding to the point of application. Considerable savings can be 
realized through the use of quicklime instead of hydrated lime. The 
theoretical ratio of calcium oxide in quicklime to that in hydrate is 
1.33 to 1.0, or, stated in another way, 75 lbs. of quicklime should do 
the same job as 100 lbs. of hydrate. Quicklime is also 10 percent cheaper 
per pound than hydrated lime. Other benefits may be derived from the use 
of quicklime which may outweigh those of cost saving. They are related 
to the improved flowability of quicklime when compared with hydrated lime. 
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A series of studies under the Canada/Ontario Agreement are in 
progress on the use of quicklime for phosphorus removal. They include 
the following: 

1) Pilot scale evaluation of quicklime use for phosphorus 
removal -- experimental study at the Wastewater 
Technology Centre (completed May, 1973), 

2) Determination of the most economical and reliable 
method of handling quicklime for phosphorus 
removal -- engineering study by T. Fahlenbock, 
Control and Metering (April - August, 1973). 

3) Full-scale demonstration of phosphorus removal using 
quicklime - experimental study at C.F.B. Borden 
(September, 1973 to March, 1974). 

The design of a chemical handling system for quicklime depends 
upon three factors: 

1) physical and chemical properties of the quicklime; 

2) slaking method, and 

3) method of ultimate disposal of the grit. 
These factors are discussed briefly below. 

Physical and Chemical Properties of Quicklime 

Lime in its various forms, as quicklime and hydrated lime, is 
the principal, lowest cost alkali. Quicklime is a product resulting from 
the calcination of limestone. It consists primarily of the oxides of 
calcium and magnesium. The physical and chemical properties of quicklime 
affect its slaking rate and the nature of the hydrated lime formed. On 
the basis of chemical analysis, quicklime can be divided into three classes 
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high calcium quicklime - less than 5 percent magnesium oxide, 
magnesium quicklime - 5 to 35 percent magnesium oxide, 
dolomitic quicklime - 35 to 40 percent magnesium oxide. 



Quicklimes may also be classified on the nature of the calcining 



process : 



hard -burned 



soft-burned 



- calcined at high temperature and 
generally characterized by relatively 
high density and moderate to low 
reactivity, 

- calcined at relatively low temperature 
and characterized by high porosity 
and reactivity. 



Almost all of the lime available in Ontario is high calcium 
quicklime; however, it may be hard or soft-burned. The material is avail 
able in a number of more or less standard sizes: 

pebble lime 



crushed 
ground 

pulverized 



- ranges in size from 3/4 to 1/4 inches, 
produced in most kilns, 

- ranges in size from 1/4 inch to dust, 

- product resulting from grinding the 
larger size material and/or screening 
of the fine size, 

- product resulting from intense grinding 



Slaking of Quicklime 

The term "slaking" applies to the combining of varying proportions 
of excess water and quicklime to produce a hydrated lime slurry. For 
maximum efficiency, the lime should be slaked at or near optimum conditions 
These conditions are normally determined by testing. However, the way 
the lime is slaked can mean the difference between a slaked lime of very 
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minute average particle size, high surface area, and porosity that is 
slow settling and chemically very reactive and another hydrate that is 
much coarser, possibly incompletely hydrated, that settles rapidly and 
has slow reactivity. The variables which affect slaked hydrate quality 
are: 

- reactivity of the quicklime, 

- particle size and gradation of the quicklime, 

- amount of water, 

- temperature of slaking, 

- distribution of water, 

- agitation. 

The slaking process is carried out in a device called a slaker, 
which may be one of two basic types (1) detention type - which produces 
a lime slurry or (2) paste type - which produces a paste or putty, the 
only real difference between the two being the amount of water initially 
added to the quicklime. In wastewater treatment plant operations, the 
detention type is preferred. Within a detention slaker, there are 
nominally two compartments. The reaction takes place in the first compart- 
ment where the dry quicklime is mixed with the optimum amount of water at 
the desired temperature. The high solids hydrated lime slurry produced 
passes to a second compartment where dilution water is added to produce 
a slurry of the desired consistency. This chamber also contains the 
degritting device. 

The gritty residue from the slaking process is probably the 
main reason the use of quicklime, rather than hydrated lime, is not used 
universally in wastewater treatment operations. With high-quality chemical 
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quicklimes that have been thoroughly calcined and have a loss-on-ignition 
of 1-1/2 percent or less, the grit content that must be wasted is 1 - 2 
percent of the weight of the quicklime. Included in the grit, along with 
the carbonate core, are insoluble silicates, etc., all impurities occurring 
in the limestone. The grit resembles a mass of wet sand-like particles 
of size ranging from 1/4 inch to 1Q0# mesh. Degritting is performed to 
improve lime quality and reduce abrasion and wear on equipment. 

Pilot scale Testing of Quicklime for Phosphorus Re moval 

In 1972, under the Canada/Ontario Agreement, a pilot plant 
program was instituted to study the direct use of quicklime for phosphorus 
removal. The study was carried out at the Wastewater Technology Centre 
where a 20 I gal/min primary treatment plant, with a quicklime/iry hydrated 
lime chemical addition system, was built. The study had several object* 
tives. They include: 

1) that hydrated lime of the desired quality may be 
efficiently produced from ground quicklime in a 
simple reactor; 

2) that the lime produced would yield phosphorus 
removal characteristics equivalent to commercially 
available hydrated limes; 

3) to produce a design for full-scale equipment based 
on the process developed. 

The pilot plant (Figure 4) which was built has been operated 

successfully for approximately 10 months using a variety of pebble and 

ground quicklimes. These quicklimes, which were supplied by Domtar 

Chemicals, are as follows: 

Beachville rotary crushed (-1/4 inch to dust) , 
Beachville rotary kiln ground (-10 mesh) , and 
Beachville shaft pulverized (-28 mesh) . 
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Based upon the experimental results, the following conclusions 
were drawn : 

- to achieve the same pH, 1.3 times more hydrated lime 
is required than quicklime, 

- equivalent total phosphorus, soluble phosphorus, bio- 
chemical oxygen demand and suspended solids removals 
were obtained with hydrated lime and slaked quicklime, 

- sludge production rates were similar, 

- all quicklimes tested will feed satisfactorily from 
conventional dry feeders, 

- instances of arching and flooding from the chemical 
hopper were lessened considerably when quicklime was 
used, 

- air slaking was lessened and handling difficulties 
were reduced as the particle size of the quicklime 
increased, 

- grit problems increased with increasing quicklime 
particle size (Figure 5) . There was approximately 
one pound of grit for every 100 pounds of quicklime. 
Grit from the minus 10 mesh and minus 28 mesh quick- 
lime was not a problem as it passed to the process 
with the hydrated lime, 

- no problems were encountered with slaking the material 
in the solution pot. The optimum conditions were as 
follows: 

reaction temperature 140 - 180°F, water/quicklime ratio ' 
(weight basis) 10 - 15, detention time in slaking reactor 
20 - 30 minutes, 

- build-up of lime on side walls of the solution pot 
reduced when quicklime was used. Some cleaning needed. 

- dust problems reduced with quicklime. 



Proposed Design of a Quicklime Chemical Feed System 

Based upon the experimental results of the pilot plant program, 
a design for a quicklime chemical feed system has been developed. The 
unit encompasses the following features: 




FIGURE 6 
GROUND QUICKLIME BULK FEED SYSTEM 
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bulk storage of minus 10 mesh quicklime, 

fixed volume reaction tank, 

temperature controlled reaction chamber, 

dry quicklime feeder and water metering pump 
locked in a fixed ratio to one another. Pro- 
portional control of these coupled units from 
the level in a secondary feed tank, 

controlled flow of the slurry from the secondary 
tank using a metering pump paced on waste 
water flow, 

control parameters as determined in the pilot 
plant program. 



A sketch of such a process is presented in Figure 6. The legend 
for the Figure is as follows: 
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vibrator, 

bin gate, 

pre-feeder, 

primary feeder hopper storage, 

primary feeder, 
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mixer, 

reaction tank, 

secondary storage tank, 

metering pump paced by wastewater flow, 

primary sensing element for level, 

primary sensing element for temperature, 

metering pump for water, 

final control element for temperature, and 

temperature control unit. 
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SUMMARY 

Three methods of handling lime have been presented. The best 
method at this time, of the methods demonstrated at full scale, is dry 
hydrated lime storage in a silo and batch continuous slurry make-up. 
Provided there are no difficulties encountered at full scale with quick 
lime, and none are anticipated, this method will probably become the 
preferred method. Approximately 25 percent chemical cost saving should 
be realized with the method as well as fewer operating difficulties. 
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Although gravity separation and thickening are widely used processes 
for the removal of solids from biologically treated wastewaters, there seems 
to exist little information in the literature concerning the fundamental 
aspects of sludge sedimentation. Clarifier areas are generally determined 
by use of batch tests, and several methods axe used for the estimation of 
design criteria. 

Eckenfelder and Ford (1970) presented a method of developing 
basic design criteria for secondary clarifiers. The method is based on the 
approach of Talmage and Fitch (1955) and is essentially one of performing 
settling tests in one litre graduated cylinders at several initial concen- 
trations. The sludge would be obtained from bench scale pilot plants and 
conditions presumably altered to achieve these solids levels. The clari- 
fication area is determined by graphical construction. Another technique 
of determining areas is based on the dilution method developed by Coe 
and Clevenger (1916). This method is still used with little modification. 
Rich (1971) presents still another method of determining areas, based on 
the work of Talmage and Fitch (1955) . However, he differentiates between 
the clarification capacity and the thickening capacity of a settling tank. 
The determination of the clarification area is based on overflow rates while 
the thickening area is based on the time required to achieve a predetermined 
underflow concentration. The selection of a clarifier size would thus be 
based on the largest area of the two. 

In all of these methods, it is assumed that settling is only a 
function of the local solids concentration, and little concern is given to 
the structural properties of the material under consideration. 

This study is a portion of a sludge dewatering and reduction 
project aimed at the characterization of sludges with respect to physical, 
chemical and biological properties and the correlation of these properties 
with various process units. The overall objective of the work is to 
primarily develop an understanding of sludge dewatering, either by sedimen- 
tation or filtration and hopefully to develop design criteria and methodologies 
for the selection of various process units based on knowledge of the influence 

.../2 
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of physical, chemical and biological properties on performance. 

The purpose of this paper is partly to present and discuss some 
of the progress achieved in this area, and partly to evaluate the methods 
presently employed for the determination of clarifier areas. Only typical 
results are presented as the data from all tests yielded similar trends. 

In this study the height of the subsiding interface was monitored 
as a function of time. Concentration and aggregate densities profiles were 
obtained during the course of settling. 
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Experimental Procedures : 

Settling tests : 

A 6 inch, Sh foot high, settling column fitted with 14 ports was 
employed for all runs. The activated sludge was obtained in the morning 
from the Skyway extended aeration treatment plant in Burlington, Ontario. 
Twenty gallons of sludge were siphoned from the aeration tank into a 
holding tank and brought immediately to the laboratory. The settling 
column was placed under seven inches of vaccuura and the sludge was allowed 
to flow through the drain valve. This method was thought to least destroy 
the floes. The contents of the column were gently mixed using four inch 
diameter perforated discs attached in series. Immediately after the discs 
were removed from the column, three samples from different locations in the 
column were withdrawn and analyzed for suspended solids. During the course 
of settling, samples were drawn off, two inches below the interface to 
ensure the withdrawal of a representative sample. The samples were analyzed 
for suspended solids and aggregate densities. The densities of dry solids 
was measured on initial samples. 

Suspended Solids: 

The suspended solids were done in accordance with the procedure 
outlined in "Standard Methods,"(1971) . 

Dry Solids Densities: 

The density of dry solids was obtained using the following 
equation: 



65 = ew 



1 - AW 
S.S. 
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Where 6^ = density of dry solid, gm/cc 

6^ = density of water at the sludge temperature, gm/cc 

AW = weight of suspension - weight of an equivalent volume of water 

at the sludge temperature, gm 
S.S. = total solids content in suspension, gm 

The method of total residues as outlined in "Standard Methods", 
(1971), has been employed, since dissolved solids influence the weight of 
the suspension. 

A 25 mis calibrated density bottle was used, and the solids analysis 
was done on the contents of the bottle. A large sample of the initial 
suspension was allowed to settle and the supernatant discarded. The concentrated 
sludge was employed in the determination. The above equation has been 
derived as follows: 

e suspension = G solid(e solid) + (1 - e solid) G water 
Where e solid = volume fraction of dry solids 
e solid = dry solids density gm/cc 



£ solid = e suspension - G water _ „ 
e solid - e water 



Ce solid - C G water = G solid (G suspension - G water) 

e solid = C e water 

C - (G suspension - 6 water) 

- G water 



1 - ( G suspension - G water) 

( c I 

Multiplying 6 suspension - G water V 

C ^ V 

Where V = volume of density bottle, mis 

C = solids content, gm/cc 

e suspension = density of suspension, gm/cc 

G water = density of water, gm/cc 

6 solid = 6 water 

1 - (AW/S.S.) 
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Replicate densities of dry solids were done and the computed values 
averaged out. The error was estimated to be less than 3%. 
Aggregate Density : 

Samples from the column were collected in polyethylene bottles. The 
samples were gently mixed and allowed to stand until the residual turbulence 
disappeared and the sludge reflocculated. Sludge from the sample bottle 
was pipetted out using disposable pipets and placed over a dextrose solution 
of known density and temperature. The density solutions were prepared by 
dissolving known amounts of reagent grade dextrose and the exact density 
these solutions was determined with calibrated density bottles. The density 
of the aggregates was that of the density solution in which the sample remained 
in suspension for a few seconds. If the sample floated or sank, another 
sample was used and the procedure repeated. The method is based on the 
assumption that in the time allowed for the sample to remain in suspension, 
little or no mass transfer of solution would occur through the sample and 
that when the sample was placed in the density solution, water surrounding 
the aggregate dispersed in the upper layers of the medium. The sludge samples 
drawn from the column were assumed to be as representative of the sludge in 
the column, as the sludge in the column was representative of the sludge in 
the aeration tank. 

The density solutions were prepared in increments of 0.0005 gm/cc, 
approximately. The errors in density determination is estimated not to exceed 
±0.0003 gm/cc. 

All settling tests were done without stirrers. 
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Results and Discussion : 

Figure 1 depicts a typical height-time relationship characterized by: 

1. A slight lag phase during which the sludge reflocculated and the 
residual turbulence subsided. 

2. A zone of constant settling rate corresponding to a zone of constant 
solids concentration at the interface and constant aggregate density (Figures 2 
and 3) . 

3. A zone of rapidly changing settling velocity corresponding to 
a zone of slowly changing solids concentration and aggregate density, and 

4. A zone of slowly changing velocity during which both the solids 
concentration and densities of aggregates changed rapidly. 

It is interesting to note from Figures 2 and 3, that both solids 
concentration and aggregate densities follow the same pattern. Furthermore, 
it should be noted that both solids concentration and aggregate densities 
showed an increase almost simultaneously. In all cases, aggregate densities 
remained constant although the solids concentration increased slightly. 
The fact that aggregate densities increased with concentration indicated 
that the aggregates were squeezed and that water was being removed from 
within the aggregates. This also indicated that as settling occurred, the 
size of the aggregates decreased. 

Figure 4 depicts the relationship between aggregate densities and 
solids concentration. It is clear from the data that there are three zones: 

a. An initial zone over which the aggregate densities are independent 
of concentration, 

b. A non linear region followed by a flattening of the curve at 
approximately 6,000 mg/1, and 

c. A linear relationship between density and concentration. 
The concentration at the plateau corresponds to the compression 

point. Thus beyond the plateau, aggregates enter the compression stage. 
It can be said, hence, that the extent to which water is removed from within 
the aggregates depends on the structural strength of the aggregates and the 
weight of solids in suspension. Furthermore, consideration of equation 3 
given in the experimental procedures, reveals that solids concentration is 
a function of the dry solids densities and the density of the suspension, 
and is thus, a function of the physical properties of the suspension. In 
this run, the dry solid density was determined to be 1.2 gm/cc . In general, 
the density varied from 1.2 to 1.85 gra/cc and this variation is attributed 
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to the amount of grit present in the floes. 

Figures 5 and 6 indicate the relationship between settling velocity, 
solids concentration and aggregate density. It should be noted that both 
curves appear to have the same shape and when superimposed, the curves 
seem to be parallel. The implications of these findings raise the questions 
as to whether or not settling rates are solely a function of solids concentration 
and whether or not the structure of the aggregates in suspension plays a 
significant role in sludge settling, and thus, in the determination of unit 
areas in clarifiers design. 

At this point, the method of Ecltenfelder and Ford, outlined earlier, 
appear to be best suited as it takes account of both factors. However, 
the use of one litre graduated cylinders may offer serious difficulties 
as discussed by Dick (1972). In the method of dilution there is no guarantee, 
as supernatant is added and the mixture mixed, that the sludge will recover 
its original structure and water content. Furthermore, there is no indication 
that at the various initial solids levels thus achieved, the sludge is 
representative of that grown in an aeration tank. Similarly, although in 
the single batch test the solids pass through the entire range of concentrations 
that could be anticipated, the settling velocity at each of these solids 
levels bears no relationship to the settling velocities observed for sludge 
from the same aeration tank at the same solids levels. A further evidence, 
that settling rates are not only a function of solids concentration, but 
also of the structural properties of the sludge itself. 
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Concluding Remarks : 

A method of obtaining dry solids and aggregate densities has been 
presented. An evaluation of the various methods employed for the determination 
of clarifiers areas was made in the light of experimental evidence. 
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THICKENING AND DEWATERING SLUDGES 
PRODUCED IN PHOSPHATE REMOVAL 



Ontario requires that municipal waste water treatment 
plants install facilities designed to remove 80 percent of the 
influent phosphorus. This is accomplished by precipitation 
with lime or certain salts of iron or aluminium which are 
usually added ahead of the primary clarifier or in separate 
treatment units following the secondary clarifier. The latter 
constitutes a form of tertiary treatment which is capable of 
removing not only over 9 percent of the phosphorus but also 
increases BOD and suspended solids removal. In the former, 
overall removals are not very different from standard 
biological treatment levels so that the weight of sludge 
solids captured due to suspended solids and BOD removal 
remains unchanged. Both processes produce chemical precipitates 
which are ultimately mixed with the sewage sludge solids 
captured and add to the dry weight of sludge solids for 
disposal. Addition ahead of the primary clarifier, however, 
greatly increases primary capture and hence decreases the 
proportion of biological sludge produced. The sedimentation 
and filtration characteristics of the sludges produced differ 
greatly from standard sludges. The prime design concern of 
dewatering processes is the wet weight or volume of dewatered 
product since this determines the size and cost of subsequent 
processing steps. The second main concern, of course, is 
capacity which governs the size and cost of the dewatering 
step. 

Since most phosphate removal installations will be 
additions to existing Ontario treatment plants, this paper 
essentially attempts to compare the effect of adding 80 per- 
cent phosphate removal facilities on the capacity and 
efficiency of dewatering processes. Material and water 
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balances and average capacity figures are developed for the 
various dewatering processes and different chemical additions. 
It should be stressed that no two sludges are alike and it is 
desirable to conduct at least bench scale and preferably plant 
scale tests to confirm critical design conditions . 

DRY WEIGHT OF DIFFERENT SEWAGE SOLID SLUDGES 
FLOW 5.0 mgd U.S. 
mU 200 mg/I 

is 2 50 mg/I 
TOTAL WEIGHT SS PER DAY 10412 lb 
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Primary Sludge 


lb/day 
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Sec. Sluuge 


II II 


4165 


Tertiary Sludgt 


;j II It 

lb/day 
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Total Sludge 


9371 



ACTIVATED SLUDGE 



PLUS CHEMICAL 
75% 



7809 
1562 

9371 



TERTIARY 
PHOSPHATE REMOVAL 

50% 

m 



5206 

4165 

521 

9892 



The above daily weights of dry sewage solids are 
derived simply by multiplying percentage removals by total 
weight of suspended solids in the influent. They do not allow 
for the organics consumed by endogenous respiration or for the 
soluble BOD converted during aeration into secondary sludge 
solids. For typical domestic sewage of the analysis shown, 
there is little difference in the weights calculated from 
either method . However with , say , a high BOD , low suspended 
solids sewage it would be desirable to use the more detailed 
calculation. 
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DRY WEIGHT OF DIFFERENT CHEMICAL PRECIPITATES 

Lime 

Phosphorus is precipitated as hydroxyapatite with the 

approximate formula Ca^ (OH) (PO . ) ^ . Assuming 80 percent 

removal and 10 mg/1 P in the influent, the dry weight of this 

precipitate from a 5.0 mgd plant is 1797 lb/day. 

The percentage of phosphorus removed is essentially a 
function of pH with substantial removal occurring as low as 
pH 9.0. Better than 90 percent removal can be obtained at 
pH 11.0. The pH required to obtain 80 percent removal of 
phosphorus is below that at which substantial precipitation of 
Mg(0H)2 commences. This has important effect on the thickening 
and dewatering characteristics of the sludge since magnesium 
hydroxide is bulky and dewaters slowly to a very low 
consistency. 

The lime dosage needed to attain any desired pH level 
depends on the waste water alkalinity, hardness and relative 
quantities of calcium and magnesium. Fig. 1 illustrates the 
relationship between lime dosage and alkalinity at pH 11.0. 
The bulk of this lime reports to the chemical sludge as 
calcium carbonate which in turn constitutes the main 
constituent of the chemical sludge. One sludge analyzed from 
a weak, high alkalinity waste at Salt Lake City had the 
following analysis : 

Sewage Solids 10% 

CaCO^ 60 

Mg(0H)2+ CagOH(PO.). 10 

Other calcium ppt g 

Unaccounted chemical solids 12 
It is not possible to calculate accurately how much 
precipitate will report per pound of lime added. If all the 
lime added came down as CaCO^, one pound of Ca(OH)„ would 
yield 1.35 pounds of precipitate. If all the lime added were 
consumed in precipitating CaiHCO^)-/ one pound of Ca{OH)j 
would produce 2.70 pounds of CaCO- precipitate. If used up in 
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magnesia precipitation, one pound added would produce 1.35 
pounds of CaCO^ plus .39 pounds of Mg(0H)2 for a total of 1.74 
pounds of precipitate. One pound precipitated as 
hydroxyapatite produces 1.36 pounds of sludge. 

Figure 2 illustrates the relationship between chemical 
sludge produced per pound Ca(OH) added on the previously 
mentioned Salt Lake waste water. At Waterford N.Y., waste 
water with alkalinity 150 required a lime dosage of 125 mg/1 
Ca(0H)2 to pH 10.0 and 240 mg/1 to pH 11.5. At Windsor's 
Little River Plant, 125 mg/1 raised the pH to 8.9 and 150 mg/1 
to pH 9.3. At Rochester N.Y., 130 mg/1 raised the waste water 
to pH 9,5. 

Assuming that the moderate alkalinity waste waters 
typical of municipalities drawing their water supply from the 
Great Lakes require 125 mg/1 of Ca(0H)2 to increase pH to 9.5 
and that this produces chemical sludge at the rate of 2.0 lb 
per pound Ca(0H)2 added, the chemical sludge for the 5.0 mgd 
plant we are considering will be 10412 lb/day - roughly equal 
to the sewage solids sludge produced. It is important in 
designing for lime addition to determine lime addition and 
sludge production by jar tests. 
Alum 

Phosphorus is precipitated by aluminium ions to form 
aluminium phosphate {Al P0-). The aluminium is usually added 
as alum - AI2 (30^)^.14 H^O. An excess of about 60 percent over 
stoichiometric ratio of aluminium to phosphorus is necessary 
because alum neutralizes alkalinity to lower pH. The excess 
aluminium is precipitated essentially as Al(OH)^. 

Thus in removing 8 mg/1 of phosphate, the alum added 
will produce 1310 pounds of aluminium phosphate sludge and 500 
pounds of aluminium hydroxide for a total chemical sludge of 
1810 pounds. 
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Iron 

Phosphorus is precipitated by ferric ions to form FePO^. 
The reaction is very similar to aluminium precipitation and 
similar excess over stoichiometric Fe/P ratio is used. The 
excess iron reports as ferric hydroxide Fe{OH)_ which is quite 
insoluble, flocculent and settles and filters reasonably well. 
Ferrous iron may also be used and, although the Fe/P mole ratio 
of the resultant phosphate Fe-j(P0-)2 is 1.5 instead of 1.0, the 
iron dosage required, for some reason, is not much greater than 
with ferric iron. However, ferrous hydroxide has appreciable 
solubility, settles poorly and is very slow filtering. In 
removing 8 mg/1 of phosphate, ferric chloride added in 60 per- 
cent excess will produce 1622 pounds of ferric phosphate and 
690 pounds of ferric hydroxide for a total chemical sludge of 
2312 pounds. 
COMPOSITION OF PHOSPHATE REMOVAL SLUDGES 

Adding together the weights calculated for sewage and 
chemical solids gives the following comparison: 





Activated 


Primary 
Sludge 

5206 


Sec, 
Sludge 

4165 


Tertiary 
Sludge 


Chemical 
Sludge 


Total 


Standard 
lb/day 


Sludge 
9371 


% 




55,5 


44.5 


- 




■*-■ 


100 


Activated 

Lime 

lb/day 


Sludge 


7809 


1562 


. 




10412 


19783 


% 




39.5 


7.9 


- 




52.6 


100.0 


Alum 
lb/day 




7809 


1562 


- 




1810 


11181 


$ 




69.8 


14.0 


- 




16.2 


100.0 


Iron 
lb/day 




7809 


1562 


- 




2312 


11683 


% 




66.8 


13,4 


- 




19.8 


100,0 


Tertiary 

Lime 

lb/day 




5206 


4165 


521 




10412 


20304 


% 




25,6 


20.5 


2 


6 


51.3 


100.0 


Alum 
lb/day 




5206 


4165 


521 




1810 


11702 


% 




44.5 


35.6 


4 


4 


15.5 


100.0 


Iron 
lb/day 




5206 


4165 


521 




2312 


12204 


% 




42,7 


34.1 


4 


2 


19.0 


100.0 
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GRAVITY THICKENING OF PHOSPHATE REMOVAL SLUDGES 
Thickened Consistency 

The percent solids obtainable in the underflow from 
gravity thickening of sewage sludge solids varies widely 
depending on the volatile content and on the ratio of primary 
to biological sludge. Primary sludge underflows may range 
from 5 percent to 16 percent solids and activated sludge from 
2 percent to 4 percent. Mixed primary and secondary sludges 
fall between these extremes and the Fig. 3 shows a typical 
relationship. 

From this graph, the standard activated sludge we are 
considering containing 44,5 percent secondary sludge will 
thicken to 4.0 percent solids. Calculating the weight of wet 
sludge produced 

Primary 5206 lb/day 
Secondary 4165 lb/day 
Total 9371 lb at 4.0% solids = 

9371 
.04 = 234,275 lb/day. 

Addition of lime, alum or iron ahead of the primary 
clarifier increases primary removal so that only 16.7 percent 
of the sewage solids sludge appears as activated sludge. If 
there were no chemical precipitate present, such a mixed 
sludge would, from Fig. 3, settle to 6.0 percent solids. 

The precipitate resulting from lime addition is 
predominantly calcium carbonate which settles very rapidly to 
as high as 30 percent solids. There is simply not enough 
data available to predict over the huge variety of sludges 
encountered whether the mixed sludge produced by chemical 
addition settles better or worse than a mixture of the 
components. It is assumed in the absence of such data that 
the mixed sludge will settle to the same volume which the two 
sludges would occupy if settled separately. 
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Thus, considering lime addition to the primary clarifier 
Sewage sludge = 780 9 lb/day primary 

1562 lb/day secondary 

9371 lb/day total 
At 6.0 percent, weight underflow = 9371 _ icgTQO Ib/dav 

Chemical sludge = 10412 lb/day 

At 30 percent solids, weight underflow = — ^rr — = 34707 lb/day 

Total weight sludge 190907 lb/day 

^ T -^ • -4- 9371 + 10412 ^ , .. 
Overall percent solids in mixture = — -.qq gnn ^ 100 

= 10.4% 

The wet sludge so calculated for lime addition is only 81.5 
percent of that from standard activated sludge. 

In contrast to lime sludge, alum precipitate is akin to 
water treatment sludge which thickens very slowly to a 
maximum of 1.5 percent solids. Again assuming that the mixed 
sludge will settle to the same volume as the chemical 
precipitate and sewage sludge would occupy if settled 
separately, the calculated weight of thickened sludge produced 
from alum addition is 276,800 lb at 4,0 percent solids or 118 
percent of that from standard activated sludge. 

Ferric precipitate is somewhat denser than alum and will 
settle to approximately 3 percent solids. The calculated 
weight of thickened sludge works out to 213,983 lb at 5.5 per- 
cent solids or 91 percent of the weight of that from standard 
activated sludge. 

Summarizing, the weight of various sludges produced is 
as follows : 
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TOTAL SOLIDS 



Standard Primary 
Pri + Lime 

+ Alum 

+ Ferric 
Std. Activated 
Mixed + Lime 
" + Alum 
" + Ferric 



lb/day 


%DS 


5206 


8 


18221 


14 


9619 


4.5 


10121 


5.5 


9371 


4.0 


19783 


10 


11181 


4.0 


11683 


5.5 



WET SLUDGE 
lb/day 
65075 
132318 
218279 
184018 
234275 
197830 
279525 
212418 



From this, the weight of thickened wet sludge is increased two 
or three times when chemical is added to an existiria primary 
plant. This , of course , would reduce the residence time in 
existing digesters by half to two thirds and they would not 
function unless initially away below design loading. 

In contrast, chemicals added to an existing secondary 
treatment plant do not greatly change the weight of wet sludge 
to digestion so performance would be unchanged. 

Gravity Thickener Capacity 

Commonly used capacity figures for gravity thickening 
are shown in the following table: 

Sludge Type Loading psf/day 



Primary 


22 


Primary and Waste Activated 


10 


Waste Activated 


4 


Physical Chemical Sludges 




(no excess activated) 




Lime 


30 


Alum 


5 


Ferric Chloride 


10 



Again, little data is available for sludges produced by 
chemical addition ahead of the primary or for tertiary 
addition. Prudent design should probably call for at least 
using the weight of chemical plus primary sludge divided by 
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the loading for the chemical sludge used plus the weight of 
activated divided by the activated loading. For example, 
considering lime addition: 

Wt. primary sewage sludge 7809 lb/day 

Wt. chemical sludge 10412 lb/day 

Total 18221 

Thickener area required 18221 ^„^ 

= 607 sq ft. 

m 

wt. activated sludge 1562 lb/day 

Thickener area required 1562 ~^- 

— 3 = 390 sq ft 

Total area required 997 sq ft 

Thickener diameter 36 ft 

Similar calculations for the other additives produce 
the following comparison: 

Sludge Type Thickener Area (sq ft ) Diameter (ft ! 

Primary and Waste Act. 937 36 

Lime Addition 997 36 

Alum Addition 2264 50 

Ferric Addition 1327 45 

Polymers are effective in increasing solids loading 
rates beyond those shown but except in uneconomical ly large 
dosage, do not increase underflow consistency . In existing 
plants where samples are available , standard Kynch or 
Coe-Clevenger settling tests should be used to determine 
thickener size and expected underflow consistency . 

FLOTATION THICKENING 

Since the quantity of waste activated sludge is 
reduced by 62 percent when chemical is added ahead of the 
primary clarifier, separate flotation thickening of waste 
activated sludge is less likely to be economical than with 
standard activated sludge or with tertiary phosphate removal. 

Flotation has been used experimentally to separate alum 
sludge produced by addition following the primary clarifier and 
also in tertiary treatment. Phosphate removals are reported to 
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be good. In thickening activated sludge, normally the only 
chemicals are polymers but other chemicals that promote 
flocculation are unlikely to be harmful. Lime, alum and 
ferric chloride have all been used in treating such wastes as 
meat packing, laundry wastes, cannery wastes etc. It appears 
that flotation of waste activated sludge is likely to be 
equally efficient with phosphate removal as with standard 
activated sludge. The usual loading of 1.25 - 1.5 gpm/sq ft/hr 
and float at 3-4 percent solids should apply. 

NOZZLE DISCHARGE DISC CENTRIFUGE THICKENING 

These units have recently been applied to thicken 
waste activated sludge in competition to flotation methods . 
Separation takes place in a large number of narrow 
sedimentation chambers between stacked conical discs, much 
like a cream separator. The separated solids are further 
thickened and discharged continuously through small orifices in 
the bowl wall. Large units have reported to be capable of 
thickening up to 350 gpm to 5-6 percent solids at 80-95 percent 
removals without polymer. As with flotation, they should be at 
least equally efficient on excess activated sludge when phos- 
phate removal is practised. However, it has been proven 
necessary to use hydroclones to protect against excessive 
abrasion on standard activated sludge. It is possible, 
particularly with lime precipitation, that the crystalline 
precipitates could cause increased abrasion. 
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VACUUM FILTRATION 
Cake Moisture 

SEWAGE SOLIDS VOLATILE 

VOLATILE REDUCTION IN DIGESTION 

CHEMICAL SOLIDS INCLUDE BOTH PHOSPHATE PRECIPITATING 

AND CONDITIONING CHEMICAL SLUDGES 



SLUDGE 




SEWAGE 
SOLIDS 


CONDITIONING 
CHEMICAL 


CHEMICAI 
SOLIDS 


J TOTAL 
SOLIDS 


CAKE 


WEIGHT 




MOISTURE 


WET CAKE 






lb/day 


%FeCl3%CaO 


lb/day 


lb/day 


% 


lb/day 


RAW PR I 


-STD. 


5206 


1.5 7.0 


703 


5908 


70 


19693 


ir M 


-LIME 


7809 


- 


10412 


18221 


55 


40491 


II II 


-ALUM 


7809 


Polymer 
or 15 


1810 


9619 


80 


48095 


1) II 


-FERRIC 


7809 


II II 


2312 


10121 


80 


50605 


DIG.PRI 


-STD. 


3228 


4.0 12 


776 


4004 


73 


14830 


II M 


-LIME 


4880 


- 


10412 


15292 


55 


33982 


II II 


-ALUM 


4880 




1810 


6690 


80 


33450 


II II 


-FERRIC 


4880 




2312 


7192 


80 


35960 


RAW PRI 


+ ACT. 
















-STD. 


9371 


2.5 10 


1828 


11199 


78 


50905 




-LIME 


9371 


- 


10412 


19783 


66 


58185 




-ALUM 


9371 




1810 


11181 


80 


55905 




-FERRIC 


9371 




2312 


11683 


80 


58415 


DIG.PRI 


+ ACT. 
















-STD. 


5857 


5.5 19 


1987 


7844 


79 


37352 




-LIME 


5857 


- 


10412 


16269 


64 


45191 




-ALUM 


5857 




1810 


7667 


80 


38335 




-FERRIC 


5857 




2312 


8169 


80 


40845 
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VACUUM FILTRATION 

Capacity 

OPERATING TIME 35/HR/WEEK 

FEED SOLIDS INCLUDE PHOSPHATE PRECIPITATE SLUDGE 

BUT NOT PRECIPITATES FROM CHEMICAL CONDITIONING 



SLUDGE 



SOLIDS IN FEED 
TOTAL CHEMICAL 
lb/day % 



RATE 



AREA 



RAW. 


, PRI 


• 










-STD 


5206 









-LIME 


18221 


57 






-ALUM 


9619 


19 


DIG. 


,PRI. 












-STD 


3228 









-LIME 


15292 


68 






-ALUM 


6690 


27 






-FERRIC 


7192 


32 


RAW 


PRI. 


+ ACT. 










-STD 


9371 









-LIME 


19783 


53 






-ALUM 


11181 


16 






-FERRIC 


11683 


20 


DIG. 


.PRI. 


+ ACT. 










-STD 


5857 









-LIME 


16269 


64 






-ALUM 


7667 


24 






-FERRIC 


8169 


28 



DS Ib/hr/sq 
ft 


sq f 


$ 


9.6 


108 


14 


12 


303 


4.5 


2.2 


887 


6 


5.2 


124 


12 


10 


305 


3.5 


1.5 


912 


4.5 


2.2 


650 


4 


3.5 


535 


10 


g 


659 


4 


1.8 


1259 


5.5 


2.4 


997 


4.5 


3.5 


334 


11 


6 


542 


4.5 


1.4 


1059 


5 


2.0 


797 



SIZE 
DIA. 
ft 



LENGTH 
ft 



1-6 X 6 
1-10 X 10 
2-10 X 14 

1-6 X 8 
1-10 X 10 
2-10 X 16 
1-12 X 18 

1-10 X 18 
1-12 X 18 
2-12 X 18 
2-10 X 16 

1-8 X 14 
1-10 X 18 
2-12 X 14 
2-10 X 14 



Where direct data is not available , some of the cake 
moistures shown in these tables are derived by interpolation, 
as in the case of the thickening tables , on the assumption 
that the water in the filtered cake will equal the sum of the 
water in the two cakes produced if the chemical sludge and 
sewage sludge were filtered separately. Similarly, some of 
the filter areas shown are interpolated on the assumption that 
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the area is the sum of the areas required to filter the 
chemical sludge and the sewage sludge separately. A somewhat 
similar relationship is known to hold for different mixtures of 
primary plus excess activated sludge as shown in Fig. 4. 

It will be seen that the addition of chemicals to an 
existing primary plant increases the required filter area by 
about three times for lime, eight times for alum and six times 
for ferric chloride. With activated sludge the increase in 
filter area is much smaller. 

The use of anionic poly electrolyte f locculation aid can 
produce significant increase in filter capacity. For example, 
dosage of . 2 to .6 lb/100 lb dry solids of Dow Chemical AP-30 
increased filter yields of physical chemical lime sludges of 
Salt Lake sewage from 30 to 70 percent above those with no 
polymer. 

The squeegee is a type of vacuum filter operating at 
very low vacuum and featuring disposable or throw-away media 
such as paper or gauze. It would not appear to have any 
particular merit or disadvantage relative to drum filters when 
applied to phosphate sludges than to other sludges. 

CONVEYOR TYPE CENTRIFUGE DEWATERING 

For many years these units have been used as an alter- 
native to vacuum filtration where low capture of solids was 
acceptable. They function best on relatively coarse sized 
sludges such as primary settling or heat treatment which 
contain little colloidal material and are not applied to 
straight activated sludge. 

The development of long chain, high molecular weight 
polymers has greatly improved solids capture so that they are 
now applied to primary and mixed digested sludges and even to 
new mixed sludges at low ratios of activated to primary 
sludge. The consumption of polymer increases and the capture 
and cake moisture deteriorate as finer sludges are treated. 
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On primary raw sludge recovery is 70 to 80 percent 
without chemical and 95 percent with polymer. On digested 
mixed sludge without chemical, recovery is 60 to 70 percent 
and 9 5 percent with polymer. 

Cake moistures are usually a few percentage points 
higher than from vacuum filtration. Typical polymer dosage 
ranges from 2 lb/ton for raw primary up to 10 lb/ton for 
mixed sludge. 

When applied to lime phosphate sludges, these 
centrifuges should give excellent recovery of the chemical 
precipitate although wear would be increased due to the 
crystalline nature of the calcium carbonate. Recovery of the 
sewage solids will be similar to that from plants that do not 
practice phosphate removal. 

When applied to alum or ferric sludges, the gelatinous 
nature of the chemical sludge is likely to decrease capture 
and increase cake moisture . Alum sludge cake contains 82 to 
85 percent moisture. Recovery depends very much on the 
polymer dosage so increased consumption is probable when alum 
or ferric precipitation is added to an existing plant. 
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A CURSORY LOOK AT THE IMPACT OF PHOSPHORUS UDSN SLUDGES 

ON CONVERSION PROCESSES 

by R. V. ViUiers 



What are conversion processes? 

Those processes which have as their goal the alteration of 
sludge constituents to make them Inoffensive, nonviable, or 
unextractable to pemdt reuse or return of the sludge to the 
environinent. A reduction in sludge volume and volatile content 
raay or may not occur during the process. 

Conversion processes include; 

Physical processea 

Heat treatment - Zimpro, Porteous, Farrer, 

pasteurization 
Incineration - mutiple hearth, fluidized bed, 
rotary kiln 

Biological processes 

Anaerobic digestion 
Aerobic digestion 

Chemical processes 

Chlorination - Purifax 
Limo 

Conversion processes have things in common. 

All are temperature or pH dependent. 

All are sensitive to change in loading, time, 
and mixing. 

Some are sensitive to change in air and food supply. 

All are concerned with organic natter destruction 
or stabilization. 



To evaluate the ijupact of phosphorus sludges ( P-sludge ) on the 
conversion processes really Involves two questions. 

One, what is the effect of P-sludge on the conversion 
process, if any? 

Two, what is the effect of the conversion process on 
the P-sludge? 

Stratagem' for answering the above questions. 

First, identify the changes P-sludge produce in sludge 

characteristics. Then relate these changes to the 
operating or design parameters of the conversion 
process and predict the effect of the change on 
the process. 

Second, identify the changes which occur in the sludge 
( or process ) during conversion and predict the 
effect of the change on the P-sludge. 

Therefore, need to Identify: 

(1) Changes In sludge characteristics, 

> More volu-TieC?) 

> More weight 

/j£^ > calorific value per lb (?) * 

> Increase in volatile solids per lb (?) * 

> Increase in moisture content (?) ** 

> Increase in inerts per lb 

* Will depend on raw wastetrater characteristics, 
chemical used, point of chemical addition, 
and clarifier performance^ and type of plant. 

** Will depend on prior processing. 

(2) Process operating parameters, 

> pH 

> Temperature 

> Loading 

> Time 

> Mixing 

> Food 

> Air 

and (3) Changes the sludge components see during conversion, 

> pH 

> Phase changes 

Insoluble to soluble 
Volatiles to gases and ash 

> Temperature 



By relating the forcKoing three categorizations to the various 
conversion processes effect-cause relationships between the 
process and the P-sludge can be predicted. 

Incineration 

Design parameters: Temperature, solids loading, air supply, 
volatile content of sludge, moisture content of slxidge. 

Effect of P-sludge; More solids loading, volatile and inert. 

liSBfl BTU'S per lb of sludge (?) 
More moisture per lb of sludge (?) 

vhich means - more supplemental heat, more ash to dispose of, 
an increase in operational time . 

Possible Problems I See clinker problem. 

Gas scrubbing, various oxides 

Summary; With good furnace operation and maintenance, other 

than a slight, increase in operational costs P-sludges 
should have no effect on incineration processes." 

Heat Treatment 

Design parameters: Temperature, air supply, pressure, solids 
concentration. 

Effect of P-sludge: I-fore solids loading, volatile and inert. 

which means - more air, more heat, less capacity, more ash 

to dispose of, more soluble organics in liquid. 

Possible problems: Low pH of the process due to volatile acid 

production. Solubilization of P- forms. 
If lima sludge, solubilization of Hg(0H)2. 

Summary: P-sludge will not effect heat treatment processes 
other tlian to decrease capacity ana increase ash 
disposal problem. Liquid quality will decrease and this 
poses a potential deterent to the process. 



^- 



V/ith reservation that the sludge can be adequately dewatered 
prior to incineration. This is presently a concern. 



Anaorobic Dinostlon 

Design parameters! Solids volatile content, detention time, 
mixing, temperature, feed concentration, solids loading rate. 

Effect of P-sludgei Less volatile solids per lb. 

More inerts per lb. 
Decrease detention times 
Mixing ( Lime sliidge ). 

which means - more gas production, less digester capacity, more 
sludge to ultimately dispose of. 

Possible problems: Low pH in digester could solubillze P-forms 

and I-Sg(0H)2- See lake County, Ohio^arvi 
Contra Costa data. Some indications of poor 
liquid -solids separation. See note on 
US plants. Also German information on iron 
sludges • 

Summary: Canadian experience certainly indicates that P-sludges 
shouiLd not materially imbalance performance of the 
process. American experience is hazy. More data and 
information required. Caution should be exercised in 
loading the process particularly with fresh lime 
sludge and P-sliilges with significantly high volatile 
solids content. 

Aerobic Digestion 

Design parameters: Solids retention time, temperature, air 
requirements, aeration time, loading rate, mixing. 

Effect of P-sludge: Increased loading, volatile and inert 

Less detection time 
Less capacity 

which means - more air required, decrease in capacity, more 
slxidge to dispose of ultimately. 

Possible problems: Increased organic load may exceed air capacity. 

Lime sludges may impose additional mixing load. 

Summary: P-sludge may increase process costs because of increased 
air requirements and addition sludge disposal but should 
have little effect on process performance. 



■> Really a classification phenomenon here rather than solubilization. 



other Processes 

Pasteurization - heat with steam to 75*C for 1 hour. 

lime stabilization - raise pH to 11-11,5 with liine. 

Chlorination - dose sludge with 2000 mg/l CI2. 

Effect of P-sludge: More volume. 

Less capacity because of inerts. 

which means - more stabilizing agent required, 
increased operational time, 
better mixing 

Possible probloms: None other than possibly poor dispersion 

of stabilizing agent due to inerts. 

Summary; Providing adequate mixing is present, P-sludge 

should have no effect on the above processes other 
than slight increase in cost for the increase 
in stabilization agent requirements* 



MISCELIAMEOUS NOTES 



Incineration 



Feed solids requirements: 



Rotary kilns, 7-70% 
Stationary incinerators, 25-70^ 
Fluidized beds, 2-10% 
(also wet oxidation) 



Heat balance, a major concern - 

> mininize the amount of heat required by reducing moisture 
(solids greater than 30% needed) 

> maximize the fuel value of the solids 

In many instances, chemical addition will work against the above - 

> Fe and Al sludges contain more moisture, costly to dewater 

> Chemical will dilute sludge with inerts, decreasing 
its BTU/lb value 

> Heat available will be reduced due to heat used up in 
the dehyxlration of hydrous sludges 

> Cosideration must bo given to inorganics present that 
that react endothermically as heat sinks, 

CaC03 to CaO 

Consider blending organics with chemical sludges, perhaps 
solid wastes or industrial wastes. 

Temperature, a key parameter - 

> Multiple hearth, 1UOO-1800*F 

probably localized hot zones in excess of hearth temp. 

> Fluidiaed bed, 1200-l500*T 

homogenous bed conditions minimize hot zones 

Important sludge parameters: moisture, volatiles, inerts, 
calorific value. 



Some chemical reactions: 
A1(0H)3 
Kg (OH) 2 
Fe(0H)3 

AlPOl^ 



Mutiple hearth ash analysis: Si02-66%, AljO^-l^^, CaO-8%, 
FeO+MgO+NaO-9%. 



less H2O 


,572*T 


less H2O 


-662 "F 


less HoO 


932 "F 




2732 "F 


oxides 


>2800*'F 



TH5 " CLINKER " FROBI£M (?) 

(a) Mutiple hearth incineration of iron sludge - Ann Harbor. 

Observed clinkers at furnace temperature of ll50**f . 
Iron dosage 60 mg/l. 

Changing from Fe to Al, 

(b) Fluidized bed incineration of iron sludge - long Island, NY. 
10-20 mg/l Fe to priinary. 

Granular agglomerates formed. Analysis, Ca-POi , Si02, Fe20.3 

Temperature about 17O0-l8O0*F in area adjacent to clinkers, 
possibly 2000*F in area where they were formed. 

Fel^(P20y)3 + CaCO-j goes to Ca'POj^ + Fe203 

(c) Ijidication iron sludge clinkers occur at furnace temperatures 
above 1600*F. ( David Nakles, Dow Chemical Co.) 

(d) Laboratory, limited tests, muffle furnace. Clinkers formed at 
iron dosage of raw of 90 mg/l and furnace temperature of 1200**F. 



Heat Treatment 

Complete oxidation of organics at hOO-650*f and 1200-1800 psig 
90^ at 500 »F and 1200 psig. 

Economical operation at Chicago required liOOO BTU/gallon of 
sludge (about 6^ acitivated sludge solids). 

Significant concentrations of nutrients and soluble organic 
material contained in the liquid phase. Liquid high in 
ammonia and volatile acids. pH in the range S to 6. 

Ash disposal required. Gases possible pollution source. 

Insoluble organic matter to soluble organic matter which is 
oxidized to COj and water. Org-N to KH^. S to S0|^. 

(a) Porteous process, lake County, Mentor Plant, Ohio. 

Pickle liquor to raw, 36 n^/l Fe , pH adjusted to 7.5-5.0 
with lime (1.5 g/g Fe) 

375**F for about 16 minutes. Pressure-? 

Pressure filters sludge. Filtrate hif^h in color and solids. 
Changing to tighter cloth. 

IJo scale build-up noted. Operational only 30 days. Little 
information available. 

(b) Zimpro process, Midland, Michigan. 

Iron to raw. Substantial improvement in f ilterability even 
when there is a substantial loading of Fe(0H)3 and FePO^. 
No other information. 

(c) Zimpro process, Columbus, Ohio. 

No phosphorus removal being practiced. Observation that only 
6 mg/l P found in liquor whereas the sludge contains " 
20-30 mg/l P. 



Anaerobic Direstlon 

Canadian oyperience most comprehensive. 

> Iron to raw, North Toronto - initial problems with dosing 
digester, loss of gas but with adjustments satisfactory 
performance . 

> Alum to raw, Barrie, slight release of soluble P. 

> Lime to raw. New Market, slight decrease in gas production. 

United States experience somewhat limited. 

> Iron to raw, I^ke County, Ohio. Reports normal gas and pH, 
Digester supernatant quality a big if and question. See 
below* . 



Total iron 
Soluble iron 

Total P 
Soluble P 



Primary Sludge Analysis 
Raw Digested 
(?i7l) (mg/l) 



37?0 

llliO 
82 



1020 
26 

393 
33 



Digester 
Supernatant 
(mg/i; 

3950 
trace 

12I|0 
7 



-> Iron plus lime to raw, lake Odessa, Michigan. 

Reports that P release was not occuring during digestion, 
large volumes of sludge shortened digestor residence 
time but stabilization did occur* 

> University of Missouri, Rolla. 

Alum to high rate activated sludge. 70^ activated sludge 
and 30;^ primary to digester. 

P and Al concentrated in sludge. Digester performance 
versus control equivalent. 

> Alum to high rate acitivated sludge, Manassas, Va, 
No resolublization of P during anaerobic digestion* 

German experience, Kehr and Mohle, Stadtehygiene, Sept. 1966. 
Reports findings that P in iron sludges solublizes during 
anaerobic digestion and recommends aerobic digestion of this 
type sludge 

Other American experience! 

Alum to raw - Richarson, Texas - Chapel Hill, NO, Sandusky 
All report poor solids separation in digester. 



^ 
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Anaerobi c Dlnestion -Centrate froin the centriTugation of lime sludge. 
Central Contra Costra, California 

Lixfve to raw wastewater. 

Pilot scale study of processing centrate from ccntrifugation 

of lime sludge by disposal to anaerobic digester. 

Feed solids to digester, 2.$% up to 1^1%, 

Results show that 

> all of the Mg(0H)2 is solubilized (pH 7-8) 

> CaC03 and P-forms not dissolved to any significant 
degree. 

Other observations: 

Control had better volatile matter reduction, lower 
methane content (COp absorbed by lime in test unit), 
about the same methanr production per lb VGS (but 
VSS loadir^ was greater in the control. Because of 
the low pK, a slight amount of soluble ortho-P is 
released. No evidence of calcium deposits or corrosion. 

Aerobic Di^^estion 

Used extensively in Penn. 

If clarified, supernatant low in organics and nutrients. 
Liquid sludge to land disposal. 

Use of oxygen Instead of air improves total solids removal 
by $0% and results in complete nitrification. 

Because operation of the digesters requires the periodic 
removal of supernatant, mixing requirements for digesters 
m\ist include the capability of resuspending settled solids 
that accumulate during tho settling period. Solids deposition 
dependent on - method of operating digester, tank configuration, 
location of air diffusers, solids concentration in digester, 
and type of feed sludge, (from Ahlberg & Boyko). 
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Sludge Handling 
The use of iron and lime adds to the weight and volume of sludge, most 
of which is due to phosphate removal and higher suspended solids re- 
movals. The remaining portion consists of calcium carbonate and 
iron hydroxide. There was no significant influence of the use of ferrous 
chloride and lime on routine plant operation throughout the program 
other than this additional weight and volume of sludge, with a corres- 
ponding increase on the load in the digestion process and sludge handl- 
ing equipment. 

Variations in plant load and in the mode of digester operation did not 
permit a long-term study of sludge handling requirements during this 
program. The recirculation of suspended solids to the primary settlers 
from the digester supernatant also interfered with the determination of 
colids balances, a condition which prevailed at Mentor even prior to the 
start of ferrous iron and lime addition. 
Raw Sludge Production 

The quantity of sludge removed at Mentor varied widely from day to 
day, depending mainly on one or a combination of three factors: 

1. Composition of the sludge, including the proportion 
of chemical additives. 

2. Characteristics of the digester supernatant and 
frequency of return. 

3. Hydraulic overloading, with consequent inconsistencies 
in the quantity of sludge removed during the period of 
overloading. 

Short term tests indicated that in no case was the volume of sludge 
produced by treatment with ferrous chloride and lime more than double 
that produced by primary treatment without chemicals. Part of the 
increase was due to increased solids return from the overloaded 
digester. 
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Sludge Digestion 

The No. 1 digester was designed for a minimum of 28 days digestion 
at 98 F. Prior to the iron-lime phosphate removal test period the 
digester, residence time was a minimum of 36 days while during the 
test period residence time ranged from 8 to 14 days. The decrease in 
digestion time arose from three major factors: 

1. Increase in plant wastewater flow rate from an average 
of 2. 39 MGD in 1968 to 4. 36 MGD in 1970. 

2. Increased suspended solids removal and the formation of 
inorganic iron phosphate along with other iron, calcium, 
and magnesium precipitates from the iron-lime treatment. 

3. The creation of a primary settler-digester recycle load 
of up to 100 percent due to poor No. 2 digester settling. 
This was caused by the short digestion time and by a 
low digestion temperature due to heat exchanger over- 
loading. 

Although digester residence time was shortened, stabilization did 
occur and the superior dewatering characteristics of the iron-lime 
sludge aided in its efficient disposal. Further, a decrease in both 
total and soluble phosphorus concentrations in the digester supernatant 
liquor was observed during and immediately following the periods of 
chemical treatment. The volatile solids of the digested sludge aver- 
aged 41. 9 percent during a typical test with iron and lime. Some de- 
terioration in sludge digestion was observed during treatment with fer- 
rous chloride and lime when accompanied by low digester temperatures 
as determined by a decrease in gas production. Sludge was examined 
on several occasions and only trace amounts of soluble iron and phos- 
phorus were found, although large amounts of insoluble iron and phos- 
phorus were recirculating in the digester supernatant as shown in 
Table XIII. 

TABLE XIU 



■Typical Iron and Phosphorus Analyses During Sludge Handling 





Note: all quantities 
expressed in mg/1 


Primary Sludge Analysis 
Raw Digested 


Digester 
Supernatant 



Total Iron 
Soluble Iron 



3750.0 
105.0 



1020.0 
26.0 



3950.0 
trace 



Total Phosphorus (asP) 1140.0 

Soluble Phosphorus 81.5 



393.0 
32.7 



1240.0 
6.6 
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Gas Production 

Treatment of sewage with ferrous .chloride and lime was not observed 
to inhibit the bacterial destruction of organic solids by the formation 
of methane and carbon dioxide in the digesters. However, gas produc- 
tion did decrease as temperature in the heated digester decreased, a 
condition typically observed with high solids influents, hydraulic over- 
loading and cold weather operation. 

Supernatant Return 

The return of digester supernatant liquor to the plant process adversely 

affected the overall removal of phosphorus. The suspended solids in the 
supernatant return averaged approximately 13,900 pounds per day dur- 
ing a typical test, ranging from approximately 2,200 to 14,800 pounds 
per day, at concentrations of between 0. 5 and 8. 5 percent. Less than 
15 percent of the returns contained fewer than 1. percent solids, and 
the average was 4. percent. 

The settling properties of the high solids supernatants were extremely 
poor, which can be attributed to the reduced residence time and tem- 
perature in the heated digester. On many days the sludge that was with- 
drawn for filtering contained less than five percent more solids than the 
supernatant itself. Laboratory cylinder tests indicated no continued 
settling over a twenty -four hour period. However, adequate settling 
was observed when the sludge was diluted with an equal volume of 
water. Additions of polymer were ineffective. 

All factors indicated that a simple digester system overload existed 
that could be corrected by the addition of digester volume and heating 
capacity. 
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Table 6a 

RECENT PROJECTS — APRIL 1972 

ULTIMATE DISPOSAL 



DH-IONSTRATION 



1, Land Reclamation Through the Use of Digested Sludge 

(Chicago mT>) 

2. Park Develop^iont with Wet Digested Sludge (Metro 

Seattle) 

3« Microbiology of Se^/age Sludge Disposal in Soil 
(Ohio ARS) 

k. Development of Treatnent and Disposal Methods for 
Septic Tank Sludges (University of Connecticut) 

5. Utilization of Organic Matter in V7aste Sludges — 

PB 19^ Idh (Foster D. Snell) 

6. Porteous Process for Heat Treatment of Sludge 

(Lake County, pninesvillCj Ohio) — plus in-house 
treatment of liquor. 

7. Evaluxition of a Top Feed Rotary Filter (Hiliz-aukee, 

Wisconsin) 

8. D.C. Sludge Pilot Plant (District of Col'^bia) 

9. Aerobic Digestion of Sewage Sludge (Jiollyvraod, Florida) 

10. Evaluation of Conditioning and Dev/atering Se'.rage 
Sludge by Freezing -- Published GPO (Milwaukee, 
V/isconsin)(Not economical) 

11. Sludge Slurry Pipeline and Strip Mine Reclaination 
(Morgantown, VJest Virginia) 

12. Application of Enz^i-ies for Sludge Dewatering (Aerojet- 
General) PB 207 ^^80 (Not economical) 

13" Fly Ash Aid of Sewage Solids Dewatering and Disposal 
(Cedar Rapids, lovrei) 



Continuing 



Ccanplcted* 



Completed* 



Completed* 

Continuing 
in-house 

Continuing 



Continuation 
pending Dec. *72 

Continuing 

Completed* 

Completed 
Completed* 

Completed 
Continuing 



* Work Completed, Final Report not yet published. 
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Table 6b 
NEW PROJECTS SINCE APRIL 1972 

lk» Oil Flotation of Sludge (Esso) 

15. Capillary Belt Filter (;;estinghoiise-Inx'ilco) 

16. Magnetically Assisted Do^ratering of Waste Activated Sludge 
(R.P. Industries) 

17. Lime Sludge Study (Central Contra CoGta Sowa^jc Treatment Plant, 
V/alnut Creek, California) 

18. Centrate Devatering Study (LACSD, California) 

19. Survey of Land Spreading (Battelle, ColumbuE, Ohio) 

20. Lime Stabilization of Sludge (Battelle-Northv-2:st, Richland, VJashington) 

21. Phosphate Sludge Disposal in Forest Area (Ely, Minnesota) 
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IN-HOJSE ACTIVITIES 
ULTIMATE DISPOSAL 

1. Properties of Physical-Chemical Sludges 

2. Testing Pilot-Scale Dewatering Equipment 

3. Aliuninum and Iron Sludges Recovery and Reuse 

k. Evaluating Conditioning Sludge with Sludge Ash and Polymers 

5. Determining Ketals Buildup with Sludge Application 

6. Determining Influence of Tj^pe of Sludge and Soil on the Growth of 
Several Plant Types 

T. Analyzing for Metals, PCB's, etc., to Determine Quantities and Fate 
on Disposal 

8. Treatment of Liquors from Porteous Process, etc. 

9. Task Force on Mercury and Other Heavy Metals in Sludge 
10. Task Force on Alternatives to Ocean Dujiipiiig 



If 
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TABLE 5C-1 

ADDITIONAL SLUDGE TO BE HANDLED WITH CHEMICAL TREATMENT SYSTEMS: 
PRIMARY TREATMENT FOR REMOVAL OF PHOSPHORUS 



oo 



Sludge Production 
Parameter 


Conventional 
Primary 


Lime Addition to 
Primary Influent 


Lime Addition to 
Primary Influent 


Aluminum Addition 
to Primary Influent 


Iron Addition to 
Primary Influent 


Level of Chemical 
Addition (mg/1) 




$ 


350-500 


800-1,600 


13-22.7 


25.80 


Percent Sludge 
Solids 


Mean 
Range 


5.25 
5.0-5.5 


11.1. 
3.0-19.5 


4.4 
2.1-5.5 


K2 
0.4-2.0 


2.25 
1.0-4.5 


Ib/mg 


Mean 
Range 


788 
600-950 


5,630 
2,500-8,000 


9,567 
4,700-15,000 


1.323 
1,200-1,545 


2,775 
1,400-4,500 


gal/mg 


Mean 
Range 


4,465 
3.600-5,000 


8,924 
4,663-18,000 


28,254 
16,787-38,000 


23.000 
10,000-36,000 


21,922 
9,000-38,000 



TABLE 5C-2 

AODmONAL SLUDGE TO BE HANDLED WITH CHEMICAL TREATMENT SYSTEMS: 
PHOSPHORUS REMOVAL BY MINERAL ADDITION TO AERATOR 



Sludge Production 
Panmeter 



Al^ Additioii to Aerator 



Conventional 

Secondary 



With AI *** 
Addition 



Fe ■*** Addition to Aerator 



Conventional 
Secondary 



With Fe ** 
Addition 



Level of Chemical 












Addition (mg/1) 




& 


9-4-23 





10-30 


Percent Sludge 


Mean 


0.91 


1.12 


1.2 


13 


SoUds 


Range 


0^8-1.4 


0.75-2.0 


1.0-1.4 


1.0-2.2 


Ib/mg 


Mean 


672 


1.180 


1.059 


1,705 




Range 


384^20 


744-1,462 


918-1,200 


1,100-2,035 


gal/mg 


Mean 


9,100 


13,477 


10.650 


18.650 




Range 


7^50-12^00 


7,360-20,000 


10,300-11,000 


6,000-24,000 



it 



TABLE 5C-3 

ADDITIONAL SLUDGE TO BE HANDLED WITH CHEMICAL TREATMENT SYSTEMS: 
PHOSPHORUS REMOVAL BY MINERAL ADDITION TO SECONDARY EFFLUENT 



Sludge 










Production 




Ume 


Atum 


Iron 


Parameters 




Addition 


Addition 


Addition 


Level of Chemical 










Addition (mg/1) 




268-450 


m 


10-30 


Percent Sludge 


Mean 


1.1 


2,0 


0.29 


SoUds 


Range 


0.6-1.72 


■-^ 


- 


Ib/mg 


Mean 


4,650 


2,000 


507 




Range 


3,100-6,800 


_ 


175-781 


gal/mg 


Mean 


53,400 


12,000 


22,066 




Range 


50,000-63,000 




6,000-36,000 
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LAND APPLICATION OF PT?OCESSED ORGANIC WASTES 



The Waste Manapement Branch of the Ministry of the Environment 
is at the present time undertaking the certification of haulers (organic 
waste management systems) and organic soil conditioning sites for the 
disposal of processed organic waste, under the authority of the recent 
amendments to Regulation 82A of the Revised Regulations of Ontario. 1970 . 

The implementation of this program is a parallel phase of an 
overall concept Involving re-use, recycling, and reclamation. It is a 
well established fact that processed organic wastes contain nutrients 
that are of value to soils and crops and in keeping with Ministry policy, 
guidelines have been developed in order to make optimum use of this 
resource asset and at the same time provide the necessary environmental 
protection criteria. 

The potential problems with regard to heavy metal build-up are 
well recognized, however, present day data is not complete to the point 
where absolute standards can he applied with regard to concentration etc. 
As this program developes, more sophisticated techniques will be used to 
control application rates and appropriate measures will be Incorporated 
as required. 

The program will also establish methods and techniques so that 
the information collected can be evaluated and applied in the future when 
increased processed organic waste production will call for more efficient 
operations and more wide spread acceptance of this particular land-use 
activity. 

In terms of the Hauler as Contractor, it will provide a single 
contact source for Certification of both system and sites. This will 
preclude the frustrations Involved with multi-agency licensing procedures. 
At the same time, it places the onus on the hauler to maintain his 
equipment properly, to practice properly controlled spreading techniques 
and to maintain proper business records as a part of the control phase 



of the program. 

The hauler Is also responsible for providing the necessary area 
of suitable land and as he is the responsible party to the certification 
and use of any site, the regulatory and control functions of the Branch 
are facilitated. 

From the amended regulation, "processed organic waste" means 
waste that is predominantly organic In composition and has been treated by 
aerobic or anaerobic digestion, or other means of stabilization, and 
Includes sewage residue from water pollution control plants that are 
subject to the provisions of The Ontario V7ater Resources Act . 

With the recent amendments to Regulation 82A, the control of 
the hauling and disposal of processed organic waste becomes the 
responsibility of the Waste Management Branch, under the authority of 
The Environmental Protection Act, 1971, which states in Section 31 that 
"No person shall use, operate, establish alter, enlarge, or extend, 

(a) a v^aste management system; or 

(b) a waste disposal site 

unless a certificate of approval or provisional certificate of approval 
therefore has been issued by the Director and except in accordance with 
any conditions set out in such certificate." "Director" means the 
Director of the Waste Management Branch of the Ministry, Section 28(a), 

In a report of the Ontario Vlater Resources Commission 
(November 1971) on Sewage Sludge Disposal , the following recommendations 
were made with respect to the growing problem of sewage sludge disposal 

(a) the settlement of jurisdictional disputes 

(b) a policy regarding a preferred disposal method 

(c) the inclusion of processed organic waste 
disposal sites in plant designs 

(d) public relations regarding processed organic 
waste disposal 

(e) the supervision of processed organic waste 
disposal 



(f) research regarding land application 
and (g) control of disposal sites 

The Inclusion of processed organic waste disposal sites in 
plant designs is being implemented by the Plant Operations Branch of 
the Ministry and continuing research programs regarding land application 
are being carried out for the Branch by the Department of Land Resource 
Sciences of the University of Guelph. 

An area which must be explored further is in regard to public 
relations, particularly with respect to mimlclpal officials and the 
agricultural commtjnity, as well as, the general public. The agricultural 
community is well served by the research carried out at Guelph University, 
as these expert opinions are valued. The Ministry of Agriculture and 
Food through their regular publications and extension courses, also 
contributes greatly to aspects of waste management. Some concern addresses 
itself to the passing of prohibitive land-use by-laws excluding this type 
of activity. It is hoped that publication of the results of our research 
will help alleviate this area of concern. 

From the recent amendment to Regulation 824, "the follovTlng 
are prescribed as standards for the location, maintenance and operation 
of an organic soil conditioning site. 

1. The site shall be so located that it is an adequate distance 
from any watercourse, as determined by land slope, to prevent direct 
surface drainage to the watercourse, 

2. The site shall be at least 300 feet from the nearest individual 
dwelling. 

3. The site shall be at least 1,500 feet from any area of 
residential development. 

4. The site shall be so located that the maximum level of the 
ground water table at the site is at a sufficient distance below the 
surface to prevent the impairment of groundwater in aquifers as 
determined by the permeability of the soil. 



I. 



ij The site shall be at least 300 feet from any water well. 

i« No processed organic waste shall be applied to the site during 

any period In which conditions are such that surface runoff Is likely 

to occur taking into account land slope, soil permeability and the 

cliinatic conditions of the area, 

7v The site shall be established only on land that is, or Is 

Intended to be, used for pasture, fallow or the growing of forage crops, 

(a) during the current growing season, or 

(b) where application of the processed organic 
waste is made sometime after the current 
growing season, to the end of the site sequent 
growing season, 

'Mm Berms and dykes of low permeability shall be constructed on the 

site where necessary to isolate the site and effectively prevent the 

egress of contaminants. 

In addition to the Regulations, these additional comments are 

found in the "Guidelines for Disposal of Sludge by Land Application". 

Site Location 

1.1 The site should be remote from surface water courses. 
The mln. distance between the site and the surface 
water course should be determined by the land slope 
as follows: 



Sustained 
Slope 



Minimum Distance to Watercourse 



For Sludge Application 
During May to Nove, inclusive 



For Sludge Application 
During Dec. to Apr. inclusive 



to 3% 200 ft. 

3 to 6% 400 ft. 

6 to 9% 600 ft. 

greater No sludge to be applied 

than 9% unless special conditions 

exist 



600 ft. 

600 ft. 

No sludge to be applied 

No sludge to be applied 



NOTE: "SLUDGE" means "PROCESSED ORGANIC WASTE" in the Guidelines. 



2. 



Land Characteristics 



2.1. 



Max. Sustained 



to 3% 
3 to 6% 



6 to 9% 



The land slope and soil permeability will determine 
the time of year that sludge may be applied. The 
soil permeability classification shall be in 
accordance with Tables 1. and 2. of the Ministry 
of Agriculture 6 Food's publication entitled 
"Drainage Guide for Ontario". The type of soil will 
be determined with the use of County Soil Maps 
available through the Ministry of Agriculture & Food, 



Soil Permeability 



rapid to moderately 
rapid 

moderate to slow 



rapid to moderately 
rapid 

moderate to slow 



Allowable 


Dura 


tion of 


Applicati 


on 




Southern 






Northern 


Ont. 






Ont. 


12 mon/yr, 






12 mon/yr. 


12 mon/jrr. 






12 mon/yr. 


10 mon/yr , 






9 mon/yr. 


(May to Feb.) 






(June to Feb.) 


7 mon/yr. 






6 mon/yr. 


(May to Nov.) 






(June to Nov.) 


6 mon/yr. 






5 mon/yr. 


(May to Oct.) 






(June to Oct.) 



Greater 
than 9% 



No sludge application unless 
warranted by special conditions 



2,2, The ground water table during sludge application should 
be not less than 3,0 ft. from the surface for soils 
with moderate to slow permeability. For soils with rapid 
to moderately rapid permeability the ground water table 
should be not less than 5.0 ft. from the surface. 



2.3 Where sludge application is carried out by tank truck, 
untiled land should be given preference to tiled land. 
Where tiled land is used the sludge hauling contractor 
should request Instructions from the landowner, with 
regards to minimizing the possibility of damage to the 
tile system. 



Site Management 

3.1 When sludge is applied to agricultural land, the lard Is 
to be used only for pasture, fallow or the growing of 
forage crops. Dairy cattle should he excluded from 
pasture land. These restrictions on land use shall apply 
from the date of application until the end of the calendar 
year during which the sludge has been applied. 

3.2 The boundaries of the site shall be marked (eg, with stakes 
at comers) so as to avoid confusion regarding the location 
of the site during sludge application, or during the taking 
of soil or crop samples. The markers should be maintained 
until the end of the current or subsequent growing season, 
whichever is applicable. 

3.3 Soil tillage and sludge application, should where possible, 
follow the contours of the land (to maintain a contour 
furrow system). Passage of sludge spreading vehicles over 
the land should be minimized, to reduce compaction of the 
soil (eg, the allowable sludge application rate in cu. yds,/ 
A/yr, , could be achieved after one or two passes), 

3.4 Special precautions may be required where the possibility 
of localized surface water runoff problems exist. 

Sludge Apjallcation Rates 

4.1 In determining the allowable rate of sludge application 
for a particular parcel of land, the objective shall be 
to match as closely as possible the quantity of 
nutrients removed from the soil by the harvesting of the 
crop. The allowable rate will thus be determined by the 
nutrient content of the particular sludge and the nutrient 
uptake capabilities of the particular crop under 
consideration. 

The sludge hauling contractor shall adhere to the 
application rate (in cu, yd, /A/yr.) specified in the 
Certificate of Approval issued by the Waste Management 
Branch of the Ministry of the Environment. The 
suitability of sludge application rates may If required 
be monitored by soil analyses and/or crop analyses. The 
collection of soil or crop samples shall be the 
responsibility of the Waste Management Branch. 

4.2 The sludge shall be spread uniformly over the surface 
of the land. 



A. 3 The sewage treatment plant operating agency is to 
keep records of the location of all the sites used 
for the disposal of its sludge and the sludge 
quantities disposed of at each site, each week 
(eg, volume of sludge In cu. yds., and weight of 
sludge solids in tons). The operating agency shall 
ensure that at least every 3 months, samples of the 
sludge are submitted for thorough analysis 
(eg. total solids, volatile solids, pR, nitrogen, 
phosphorus, potassium, ether extractables, heavy 
metals, etc.) . 

With regard to processed organic waste application rates, until 
further Information is available to the Branch regarding possible problems 
with respect to heavy metals build-up in the soil, the equivalent 
application rate of 200 lb, of nitrogen/acre/year will be used. Processed 
organic waste may be applied at the rate of 400 lb. nitrogen/acre if 
application is to be made every second year. These application rates are 
at the suggestion of the research group at the University of Guelph. We 
believe the rate of 200 lb, nitrogen/acre/year is a very conservative 
figure as the Ministry of Agriculture and Food suggests a maximum of 300 lb, 
nitrogen/acre/year for the land application of farm wastes. 

In the future, It is felt tfiat application rates will be based 
on heavy metala with the idea of preventing the build-up of levels which 
may be toxic to both plant growth and the implications of transfer by 
ingestion. Recent research in England suggests maximum permissible levels 
of the metals zinc, copper and nickel in processed organic waste applied 
to agricultural land of 250 mg/kg zinc equivalent at soil pH's above 6.5. 
Soil pH is important as heavy metals are locked within the soil at a 
pH 7 or above and can be leached out at pH's below 7. Evidence Indicates 
copper to be twice as toxic as zinc and nickel to be eight times as toxic 
as zinc. Zinc, copper and nickel are the elements most likely to give 
rise to toxicity problems In plants due to the use of processed organic 
waste as a soil additive. 



with the recent addition of phosphorus removal at some water 
pollution control plants, the quantity of processed organic waste has 
Increased and the chemicals used to remove phosphorus may have some 
impact on the present disposal practices. At the present time lime, alum, 
and ferric chloride are proposed for nutrient removal. There is some 
concern that the addition of alum and ferric chloride to processed organic 
waste may depress the pH to an extent where the heavy metals m.ay leach out 
into the groundwater. This problem Is presently under study at the 
University of Guelph, 

Licensing procedures have been developed so that the following 
steps will be carried out. The processed organic waste hauler will request 
application and supporting information forms for organic waste management 
system and organic soil conditioning site or sites from a Branch Regional 
Office. On notifying the Kegional Office that he has received a 
contract, the Branch will then proceed to inspect the equipment and 
proposed sites. If the sites prove unsatisfactory, the hauler will be 
requested to locate additional satisfactory sites. The Regional Office 
will also consult other pertinent agencies for their technical inputs on 
a particular site or system, (Sanitary Engineering, Air Management, 
Agriculture, (site only) the local Medical Officer of Health, and local 
municipal authorities). The application and supporting information 
forms for satisfactory system and each satisfactory site will then be 
sent to the head office along with the Regional Engineer's Recommendation, 
The head office will then Issue a Certificate of Approval for the system 
and each site for a maximum period of one year. 

The staff in the Regional Offices will be required to take soil 
and crop samples at each site at least once a year. These samples will 
be analysed for nutrient build-up and for some sites, heavy metal buildup. 
The sites for processed organic waste from water pollution control plants 
which are known to contain levels of heavy metals which may be of concern, 
will be the initial sites analysed for heavy metal buildup. It is 
anticipated that when a new site is licensed, a soil sample will be taken 



for analysis to provide a basis to check on possible buildup of nutrients 
and heavy metals. Should a problem buildup occur, a stop order for use of 
the site would be issued itninediately , 

While this program has a very specific regulatory function and 
appears to limit present day practices, it is, Indeed, designed to provide 
an acceptable inethod of: 

(a) solving a plant disposal problem 

(b) making use of hitherto wasted nutrient 
values under controlled conditions 

The enforcement of this regulation will be approached on the 
basis that a solution to an existing problem must be found and that a 
co-operative effort will be sought from all those presently working in this 
area. It is possible that certain haulers will not be able to meet these 
requirements or will refuse to do so. Under The Environmental Protection 
Act, 1971 and these regulations, it will be impossible for a water 
pollution control plant to enter into a valid contractual commitment 
with any hauler who does not have a Certificate of Approval from this 
Branch, An almost immediate consequence of this will be to screen out 
those who either cannot or will not meet the requirements. 

This will further assist in establishing acceptable Codes of 
Practice. 

It is also hoped that this concern with solid waste management 
systems will be reflected in all aspects of planning and design of future 
processing facilities and that the additional costs that must arise 
from the up-grading of this management practice will be willingly 
accepted as a necessary contribution to the protection of the land. 
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PURPOSES OF CONVENIENCE ONLY, 
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under Th* WaiK Manaftcm*nl Ad 
GENhRAL 

INIEKfREI ATIIIN 

1, In Ihls Regulation, 



I. "abandoned motoi vehicle" means a motut 

vehitle ahdndoned on piiblir iii |>[ivatc I 

property and includes MJttl pait i>l a nxilur | 

vehicle that n lelt after salvduin^. i 

I H.M— ri>.Ml nii.irt 1 lli.ii V-mU 

from a [lublit ruiil In a wasti- ili%|<.i-a1 
«ile. 

3 'aKticultural wabie niraii-. wait*, nihtr 
then sew-iKc ri'MillmB Irtim f*im .i|»Ta- 
lions, ini luiliiiK Jiinnal husliamiiy ami 
whert a I. urn iiperalinn i-. c.ininl ini in 
leipi-il ■>! lu—l patkiiiii. It""l iirrt<fvine. 
animal Uaughliiinn ui n>iM' i>i(kin); m 
cludrs Ihr waslr Irom ^m h iiin-ial lur-.. 

4 ■cell", iiirt^piHl i.f d Un.lhilmK"H. nir.in-, 
a depmil v\ i-jsii- Ihal his U.-n -..jli.l l.y 
cover maletui xi th.ii i>o wa-.l. iU-(i^iirii 
in Ihe cell is njiosfil In Ihu alnmsiihifr, 

5- ■ compifcUnp ■ irit.ifis ihr l!i-jiiuint ol 
waste hy ai-iutiii il-i ijiiic.i-.iliun nt urcanii 
mallif by bji li rul j. ii..n Ini lli< \ii\>- 
duclii/Ji u( stabiUz'il luiniiis 

6. "COVBI mali-fiji' mean'. s-plI nr olhii nu 
tetial aiijirovcd foi use ill valine tells m 
Undfiilmg 

7 "drad diiiiTid! mrans an jiiim^l ttijt .lies 
naluially ut frum disess.- ■n b) r':rf-»jn ul 
uriiiliTii and include-, part- linTicil. 

8 ■JuUTii " mean, a wa-lr disi«r,al :,it.' mlu-ir 
wailt LS iltposileJ viilhiiul covrr iiialiri;il 
being ajiijli'd at n-t'ulai inti-tvaK, 

9 "fly ash" mean-, (.arliiulale mallei tr- 
mov(«.l (rom cumhii^liiin Hue fia,<'- 

10 'k'i"''i"K' I'l'-an- I'ic irijlmeiil ul *dvit 
by iinili.imly icdu.itig the naslc tu |)arti. 
clf^ III Luritcolltd niJinnum -i;. , 

II ■hauk.l li'iuld and tij^anloii- uj.tr iL,ller- 
Imn s>-Iciii" cn'-ans a na-lr miria(;i'mi-nl 

.;y~l,-ni ..t „liy l.,.rl lh,-,,..( Ir.r ll 11.. 

tuin. hainllii'g. IiJM-|Kiii.iri.jii iiurj;;i- m 



ptw.es'.init of hauled lu|iiid industrial na-ir 
or haiardmis »a^te but diieri iioi include 
the disi>mal Iheli-ol 



\2 "haulrri liquid induilnal wJ'.H' miaiB 
hcjuid waste, other ihan hauled s*wij;e. 
thai n>ults In.m indu-.inal (nmeNM-s i* 
manufjf luting rrt .omniei.ijl i.perjiiom 
and Ihil IS ll-n-)¥irlrd m a lank nr uthe. 
(oiilairri loi n.'almenl or di-.i»isjl and 
ini liid's -c^aKi ie-.i.liir (r,.oi -. waci «.irks 
Ihal an >nh].< I In ili-- (.Tr.n-i.in-. of 
7** Onian<, II alrr H.-'-uf... t .■mmt^y>,m 
All. 

M haule.l ^-Jge iiir^hs »J-1. inm.nd 
Ironi 



■—I" 



II t .e(j|ii lank ^y^l^^l 

III » [ItlVl vjllll ll ilNV* tilt 

IV a ihi mic j{ loilii 

V i |,.ilil.U l.)ilrl...r 

VI .1 -< wji;. hi>l.|in|4 Ijiik dl a maiin^, 

»nd liansixjiie.l in a lank ui olh.r t.in 
lainri foi malmenl i.t disp.rt»l olbri than 
at a wj-ie (lis(«(Sdl mIi- . 

14 "hujidiiu-. wasie" nir.,ns -a.i. ll.al tr 
quirci s[*r)al [Mi'iauhon- in il- --Hiiagr, 
call', ii.m, li.in-|ir>ilalii.n inairnrnl or 
dis|iii>jl, til {iii'M III itania);! In ih'isoiis or 
liiopeily ami ini hidi-. n[>1nMvi . lUrnn.a 
hl>- vuladle. i jilirMdivr. tuiiii jnd |jrhi. 
k.i;i.il«j,... 

15 inimrialioi. imjns ihe in-jiiiu ni ol 
uavlt l.y loiLliolli-.! hurn.nu inJiidiliK 
nie*-.urr- tor liiinniij; an |-.lhiii,in, to 
Ti-diiii Ihe v.ilumi' ..I Ih.' <^^-,\-- ^u<\ lu 
leave il m i n».<. -lihl,- f.iirvi l.ji Jis- 
,-.-»l. 

Id imintialnr t>\\' niran-. ih-' 4-h lesiduL-. 
oilier Ihan Hy-j-.h (t-sulling lium imiiieia- 
Iii.n wheie Ilie maste is redui ed lo ashes 
ronij.nn.t; \.\ n.-i^hi h -s ili.iii 10 |.. i .ml 
ol <.iniliii--iiM.' mat' luls 

IT "in. nil ijli.i MJ^li- n\'-Mi- ilir resiiliie 

111. Ml ii» 111. I..1.III1. iilh't it iin in. Kil.'i 

a>1. and lly ^-U. 






18 "inert All" mtam 'artli or nwl Ml ilial 
ronlainit rxi |>iiIti'U ilili m.iiiFi.il- -n snliiUli 
la .l,<<>ni|Hi-;il>k t In iiiii.il -.uli-laru i-t . 

19 "individuit roJlccTKjn lyilem ' mrdni \ht 
(•illi-ctHin III liK nwn rlomrstic wasto by ■ 
houtchuldir and Ihc iraniportaiion ol luch 
i>»[n lo ii waair dupoial uU by ihe 

20 "landbllinB" mcan^ llie di3|K>sal ul WMte 
by dcposil. under c(ml rulli'd tandilKmi. 
on land or un land luVFrnl by walcr. and 
in< ludi-i iiini|>ai.liijn u( tlii' waste into a 
«ll and cowrnnn (he waste with (ovri 
malenats al rritular interval- . 

31. "maniM- cratt wa-,u- iii->|i>fsat syMim' 
means a wj^tr di^|i<i\dl system oprraleil by 
a pi:rsi>n •>< a munici^ialily lor the receiving 
ul waMe Itom marine trait lor (lepo>,ii in 
holding t^nkk, 

11 "muniripal wa«te managenwiit lystem" 
meank a wa-.tr niani^rmrnl -.y^tem, or any 
part thereot. nl which a municipality is the 
owner , 

2J 'on-sile n-rhaK* grinder ' nieam a grinder. 

I ii-j-d I'lr ih.' tri-alment o( wastr that 
n Mibsiijuenily ilcit'hargrd Ar. ~i'W 
ai[e. and 

II I'.' iiiil m a builrlin^ nr struituie 
used priniipally for lunclioni cither 
than waste managrmenl , 

14 on-»ili- innneralor' means an mcineralor 
that IS liH aied in 3 building ur strurtuie 
uied prinri|>all\ for luncitions uthcr llian 
waste mani^cment . 

25 "on-site riia<J" mian-. a mail Ini the movr- 
mrnt of vrhiiles artd equipment within a 
warilr disjv)^! site, 

J6 "paikmij and baling' mi ans Ihe treat- 
mem ol wa^te by its romjiression into 
bkx ks or liales and binding or filiating (lie 
bkKks with wire, metal, pla-.tii or other 
material 

n. "private waste managenwnt system" 
■neam a waste management system, or any 
part thereof, ol whkh a person olhcr than 
■ municipality u the owner, 

28 "icavenging ' meani (be uncontrolled re- 

niot,il .J i,ii..j|,l. in.iMi.l lr..,ii h.i-k at 
a waste dis)nisal site, 

24 "transfer station" mean', i wasli- dis|>usal 
lite used fur the purpose ul Iranslernng 



wule from a collcctiDn vehicle to another 
carrier for trampnrtation to another waMe 
disposal sile R R (> 1970. Reg fl24. . I 

DIUCNATION AND IXIIirTION OF WaSTIS 

1. The loHowing arc designated wuIm: 

I Abandoned motor vehicles 

3 AHtifultural wastes 

J. Condemned iniraals or parts thereof at a 
plant licensed under Tlu MttU Impniiit 
Act ((^siario). or an establish men t opcnl- 
ing under the MtM Imptdum Ad (Canada). 

4. Dead animah. 

5. Hauled liquid industrial wasle. 

6. Hauled sewage. 

7. Ilaiardoui waste. 

S Incineratur waste. 

9 Inert hll 

10 Rock fill or mill taihngs from a mine 
R R C) 1970, Reg 824, s 2 

3. The tollowing wastes are exempted from the 
Act and this Regulation. 

1 Abandoned niolot vehicles. 

2 Agncultural wastes. 

J Condemned animals at parts thereof at a 
plant licenwii under Tkt Mtai lnsj>Mb<m 
Ad \OHt»rto) ur an establishment operating 
under the Met Iiuptction Ad (Canada) 

4. Dead animal'i tu which Tke Head Animal 
Dttpatai Ad applies 

5 Hauled sewage, 

6 Inert 611 

7 Rock fill or mill tailings from a mine 
R K <> 1970, Reg 824, s i 

CLAtllMCATION AHD EXEMPTION 
OF WAST* DISPOSAL Slias 

4. Waste disposal ute^i are classihed as lullows: 

1 Composting sites. 

2 Dumps 

3 Grinding sites 



4. Indncntion ailet, 

5. LandUlingsitm. 

6. On-site incineraton, 

7. On'Stle garbage grinden 

S, Packii^ and baling sites. 

9 Transfer stations RRO 1970. Reg 824 
s 4 

1. The loHowring watte dnpoMJ utet are exempted 
(roa (he Act and thn Regulation . 

1 On-site incineratDTS 

2 Un-site garbage grinders R K () 1970, 
R^ B24, i S 

CLASSIFICATION AMD EXfiUmuN 
OF WASTE HANAGEHENT SVSTFMS 

•. Waste management systems are classihcd a* 
follows: 

1. Municipal waste management systems 

3. Private waste management systems 

3 individual collection systems 

4. Hauled liquid and haurdous waste collec- 
tion systems. 

S Mhiiim- . r.ilt v.,,-.tc ili.|».--l .v-t,in^ 
K R n 1970, Rtg 824. , (. 

7. The following waste management systems are 
exempted from the Act and (his Regulation: 

1- Individual collection systems 

2 M.itin. ir,ili n,i-(e di-p<-.'l sy-ti m- 
R R O 1970, Keg H2i. - 7 

CIKTIFICATES Of APPROVai FOd WASTE DJSPtnAL 
ttrtS AND WASTE MANACEUF.NT SVSIT MS 

ft. A certificate ol approval fur a waste disposal 
site or a waste management system oi a renewal 
thereof expires one year after the dale uiion winch 
the certifiLaie or renewal i-. issued K R O 1970 
Reg 824, s 8 

9. A provisional certificate of approt-al tat a 

waste dis(xi5at site or a waM.- management system 
or a renewal therccil eipiies on Ihe date shown 
(herr.in l( H n 1')7(), V.-^ HH, ~ •! 

iTAKUAHTJS FDH WAS1t OlbpClSAl slits 

H, (I) The following are prescribe,! as standards 
lor the liicatiiiii, niaiiitciunn' iiul iijxTjliiin i,l d 
landhlltng silc thj( are tt. he mei (o Ihe satis 
faction of ihv Minister by an d|i|ilh.ant for a iniih 
catc of approval thirctor. 



I AccesA roads and on-site roads shall be 
provided «n thai vehicles hauhng «a«te 
lo and 1H1 the silr ma^ tiavel readily on 
any day under all notmsf wnther con 
dllloni 

3 AicFu tu the Mte shall t>e limitcfl tn such 
times as an attendant is on duly and the 
sit* shall be restricted to use by prrsoos 
aulhonied tu dcpout waste in tt» All 
area 

3 Drainage passing over or through the >itc 
shall nnl advenely aftnt adjoining piuper- 
ty Brut natural drainage shall not be uh- 
st rue led 

4. Drainage that may • auv |i»llutiun shall 
not, wiihoui adequate treatment, be dis- 
charged into watercourses 

5 Waste shall be placed sulbiienlly above 
or isolated frum the maximum water tabic 
at ihe site in such manner that im- 
pairrru-nl ul leiutiiulw ,t(''r in ■(|ui1i r^ i^ 
prevented and sufh> lenlly distant Irom 
sources uf putahle water suppfw^ vi as to 
prevent ronlaminaliun ut the valet, unlesa 
ade<(iiale provision is made fur the collec 
lion and Irrainient ul hachate 

6 Whin ri<|iiir.-il li^ tin Mini.i.r a.lei|uale 
meaviiri-.ln prcviiii wjti-r pollution <-haN be 
lakin h\ th, Min>iiiii iii>n ul be i ins and 
dvk. - ..( Jim |>.-iii>i-.il.,litk III IV.). Ill- Ihe 
site anil i-tfritiv.'l) privenl tlie ejiii-ss ol 
pilllut.inis 

7 Where r..)uirpd bv the Uitii^-lei. samples 
■-hall bi irfken and tr^l- m.iite tn m<-asure 
(hi- eniinl of e);r>-.- nl |Hilliiiants and such 
measui'". ji :ii<' re.|uirii1 liy ihi MiniMer 
shall Ik' uk.n (or lli.- M.ll.-.iiiin and Itc-at 
ment ol |nilluliinls anil loi tin- pmeniion 
ol water pollution 

R The site shall Ix- linaled a rrasuiiahir di> 
lanrt- from jnj i i-ni-l. ry 

9 Ailrqiiali' and pici|>e( iijuipmiin shall be 
inuvidnl for the >umiiai(ion uf waste in(o 
cells and (hi ruviniiK ul (he cell. wKh 

lovi'i malciul 

10 When > linialii' (oiidiljoiis m,iy pievriit (he 
use ol the site -it all (ime^ )iri)vi-,iuri~ shall 
N- made lor ani^tlier waste di-po^I si(e 
whuli lan he u---ii dining sin h priintis 

1 1 Winn n-.|iTirrci for ,ii i iir.iie deleininmimn 
111 iii|iiit o( iill w,i>lev by w.iKbl. sjali-s 
^hjll In (iH.iiiled .11 III. -H. Ol -11,111 I-' 
i.'a.lily .i\,i>lal>U fi» u-. 



B 



U AH wul* dbpowl operatMOi at Ibe til* 
ahall tv adequately and continually super- 

13 Wi-Xc shall be driw-ired in an orderly 
nunnrr in the fill arra nimparlrd ade- 
quately and ri)vi-riil by cuvfi inatcTMl by 
a priipi'i landhMin)! upriiliun 

U Pri«-eHiite^ shall br nlaMishrd lot Ihe 
i'ii(itr»l >■( rnflt-n(~. m oth.r animils and 
in-it't-' 'I the titi- 

15 i'ltH <tlur<'« shall br nlabluhed, signs 
pu^irtl jnd MfiKuards maintained Ich the 
prcvinlKin i>l ai>iili'nl> at Ihe site. 

lb Thr vka->te di3|>»>ul arra shall be vnclmed 
to prevent rnlry by unaulhoriirtl persons 
ami a. n-^ft to Ibe properly shall be by 
roadwav ilo-«i by a gal.- capable ol being 
locke,! 

17 A Kriin tn:!! ur neuiral ionc shall be pro- 
vided around the ^iir and the site shall be 
adr<|iiJliiv sfrfeiH^d (mm publir view. 

18 Wh. never ar)v part ol a fill area has 
rraehed lis limil ol lill. a hnal lOver ol 
rovri niatriial shall be plaied on the com 
plelcl fill an.1 M»h cover ,liall be in 
sptrlc'il 41 reRiiIji inlervah. over ihe next 
i-nsuiM(i period o( Iwn yrars and where 
neie" aty arlmn -.liall be taken lo main- 
tain [he int.-^;nly and mntuiuily of the 
rover m.itenal-. 

IQ Sraven^mK shall not lie perniillrd 

(I) A lerlilicale ol apfwoval lor a landfiHing site 
IS »ub|«t tn llu <ondilion Ihal the site shall cun 
tmue lo be rnainlained and opeialed m artordance 
with Ihc >tan<larc|-. approved Iherclor RHO 
1970. Keg K21 ^ to 

II. (I) Tin- lollowing are prcM:ribi-d as standards 
(or thr lotJIion ni.iinlPnanre and opcialion of an 
incinrialion mIi lliat are lo be met to ihe salis- 
faclion ol the Minister hy an appliranl lor a 
cerlilkale ol appio\ al theicloi 

I The location of the innneration ^ile shall 
be ielecled so as lo reduce the efltcts of 

niiisanifM, such as du^t, noise, and traffic 

2. Ineini-ralor waste shall be dis[M>sed ol at 
a landfillin|{ site 

J Thi- im in.i Jlor -liall Ik- lix.ate.1. 

(a) v> ihjl U IS 4r.eN-.ihle tor Lhp Irans- 
portaluin ol wasl.-s Iheirti. without 



(t) taking into account meteorototkaJ 
considerations to niinimiae environ- 
mental effects, and 

(() so that the services and ulilitia re- 
quired lor the op(-ratKin of the in- 
cinerator art- available, inrluding 
facilities lor the disposal or residue 
and ol quenching and scrubbing 
water 

4. The design and capacity of Ibe inrinerator 
shall be in accordance with accepted engi- 
neering practices and ol a type and size 
adequate to eftmenlly process the quanti- 
ties ol waste thai may be expected, so that 
• minimum volume ol residue is obtained, 
the putrescible materials remaining as 
residue arr reduced to a minimum and a 
minimum ol air pollution results 

5. The lollowing equipment shall be provided 
as required lor particular applications to 
Ibe satisfaction ol the Minister 

i. Scales for tlic accurate determina- 
tion ol the input ol all wastes by 
weight 

ii. A storage pit ot other storage tat ili- 



iii A cianc or other means ol removing 
wa.slc from the pit or other storage 
t:icilitirs 

IV Means ol controlling dusis and 
oduuis 

v Such insltiimfnls as may be neces- 
sary (ot the efficient operation o( an 
incinerator 

6. The incineration site shall include an un- 
loading area properly enclosed and of 
sufficient site lor the intended operation. 

7. Access roads shall be provided for vehicles 
hauling waste to the incineration site 

8 On site fire protection shall be provided 
and. whcie possible, arrangements ^hall he 
miule with a hte deparlmcnt or munici- 
pahty lot adequate fire figihting services 
in case ol an emerKency 

9. Scavenging shall not be permilled 



(2) A ccrlihcate ot approval for an incineration 
site is sub]i-fl to the condition that the site shall 
ronlmue to be maintained and operated in accord- 
ance wilh (he -t^nclanls appmveit Ihereloi K K t> 
l<(7l). Keg. HH, , 11 



H.-iD The following are prew;nb«l •* the 
standards for the location, maintenance and opera- 
lion of ■ dump Ihal are lo be met to the sati* 
(action of the Minister by an applicant lor a 
cerlificale of approval therefor 

1 The hll area shall not br siib|.-c1 to Hood- 
ing and shall be so located that no dim I 
drainage leads tn a watercourw 

2 The site shrfll l)e at leasl one qiiatttr o) a 
mik- Ironi tht niati^t dwilliitg 

3 The- site shall be at least two hundred 
yards Irom the nearest public roa.l 

4 The site shall be at least 100 (eel from any 
watercourv. lake ot pond. 

5 The site shall not be on land lOVered by 
water. 

b Signs shall be posted stating requirements 
lor the operation ol tlie dump, imluding 
measures for the control ol vermin and in- 
sect infestation 

7. The site shall be so located and opera- 
ted as to reduce to a minimum the hazards 
resulting Imm lire 

8 The oprraroi ot the dump shall -ipply 
such cover material at such intervals as 
Ihe Medical Ofhcet ol Health may direct 

9. icaveiiging shall not lie permitl.-d. 

(2) A cerlificale ..I approval loi a dump is %ub- 
ject lo the condiliiin that the dump >hall .:on 
linue to be raainlainect and u]«rated in an urdance 
withthestandarilsapproved llier.-lor K K (» l'»70, 
Reg 824. s 12 

13.- (1) Subject to sul«sriliun 2, no dump shall 
be eslablishi-d or 0|Kra1i-.l in a (ity, borough, 
town, separated town, township, village or police 
village in any county, regional municipality or ihe 
Provisional County ol Hahburton. 

(2| Notwithstanding subsection I, a dump may 
be pstabbsheil m the lollowing parts of Onlatio. 

I, The tijwnshi(is of Alberniarle. Eastnot, 
Lindsay and St tdmunds, in tht roiinly 
ol Btiic e 

2 The townships ot Bainr, Beillord. < Ian ii- 
don anil Millet. Howe Island. Kennebit. 
Olden, and Palmerslon and North and 
South (anonlo. in the County ol hruiitenai 

j The li)wiislii[f. ol Kaiigoi. Wicklc.w and 
Ml (lure, Carlow. Dungannon. Kif vii and 
<; .ilii>i|>i II.1-..I1.I. I Kii.i.ik M.i.li- 



Harmora and Lake. Mayo. Honteagk. 
Tudot and Ca.-^lirl. and WolUston. in the 
County lit Maxlingi 

4 The town^^hips ol DallrtiusMr and North 
Shrrlx'-the, Darling, l.avant \nrth Bur- 
grv. and South Mieibri.iki in iIh- County 
oflana.k 

5 Th.- ti.»ns|.i|'- •■! Asphodel Belm..nl and 
Uelhui n < hniidir-.. Knni>mi>i.'. lulway 
and t av. n.|.-li n.d Harv.y, in llw I <«inty 
ol Peterhoioiicl' 

6 The town>hiiK III Har»t and HIithlMld. 
Bruugham. Itiudi:n>ll and Lyndm k, 
(inlhth and Matawalihan. Mead. tUra, 
and Mari.i. North Algona, Kadi 1 1 Re Kag 
Ian, Sehaslo["il and South Algona. tn 
the toiinty o( Ki nfiew 

7 The rownsliips of (arden Ualtun, and 
LailuM. liigtiv and I on^lord. in the fount \ 

ol VlClOIM 

8 The lin|>riiveri.i-nl Ihslrict »f IliiiKlt. tlie 
township- ol Anson, Hindon ami Uioden, 
LatdiH. Dvsjil. Iltuton. Clyde Dudley. 
Kyii. (luilfotd. Ilarburn, H^n ourt and 
llavelmk (ilamotgan I otteiworth. Hon 
niuulh Sherlmrtie. Met lint.- k living 
sliine. Lawn nil and Nighiingalt and 
Sniiwdun anil Slanh»i><- in the I'rovisional 
County 111 Hahliiirtiin 

(J) So dump shall Ix- eslalillslied ul iiprraled 
in the lollowing pail- ul the tcrnlonal disincts 
ol Ontano 

1 The fily ..( Saull Su- Mane thi town al 
Blind Kiver Hruce Mir.c-s. and Thi-ialon. 
the villagi-i ol Hilton Beach and Iron 
Budge, and llie Township ol Klliol I ake. 
in the Ti-rtiloiial nislri.l o( Algoma 

i The K.Miis ol (ochtanc, Hearst. Iroquois 
Kall.s. Kapii^kasing. Malhesi>n. --niiiolh 
K<»rk l-alls. and Timmins. and the town 
ships ol lilaiknii-yer. Mount|o> , Tivlale 
and Whilii'V in llie Tertiloiial Dislrict 
olCtfhian, 

J The liiwns ol llryden, Keewatin. Keniira, 
anil Sionx l.ookoul, and the lowiishi(>s ol 
Jadtay ami MeUk. in llie Teritlorial 
IJisiiict of Ki iiiiia 

4 rite tiiw-ns o( ■•ore Ua> and Ijltli- Current, 
in the Teiriloiial l>i>tricl of Hamloulin 

5 The towns ol Bala. B)aiebnd(;e. tliaven- 
hurst. anil HiinlsVille. and tin villai;<- u( 
Porl (atlini;. Port S)dniy anil Winder 

oiih. Iiiiil.inl llisiii. i.il Mii-.k'.L.i 






6. Th« City ol Morth Bay. (he towns of 
HonAeld. Carhc Ray. Hattawa, and Stur- 
geon Falk. and (he towmhipa ot Rait 
Ferrri. Field and Spnnger, in Ihf Terrilorial 
District ol Nipisiing. 

7. The towni of Kearney. Parry Sound. 
Powasun and Trout Creek, the villages of 
Biirk't Fallt, Magnetawan. Rtmeau, South 
River anil Sundiidtir. and thr t<iwn«hip* of 
l-uli'ji. HiDuugall. North Hiniswnrth, and 
South Himswoith. m Lhe Trrnlorial Dis- 
trict ol Parry Sounil. 

8. The lown& ol Furt Frances and Rain> 
River, and the Township ol Alikokan, in 
the Territurul District ol Rainy River 

9 The Lily ul Sudbury, the towns ol Capreo), 
Coni^lon. ( oppet Clifl. Eipancila, Levack, 
[.ivcly, Ma!>s«y and Webbwood, and the 
(ownt>hip!i ol tlallour, Falcnnhndgir. and 
Neelon and GarMHi, in the Terri(orial 
Dislncl of Sudbury. 

10 The fity of ThiindiT Ray. the T<n»n of 
Geraldlon and llic townships ol Ncibing. 
Nipignn, Oliver, Paipoonge, Schreiber, 
Shunish. and Terrace Bay. and the im- 
provrmt'iii ilinirii'ls ol Rcatdmore. Mani- 
touwadgr. Nakina. and Red Rock, in the 
TeintoriHj Ilislrict of Thunder Bay 

II. The towns of Charlton. Cobalt, Englchart, 
Haileybury. I.alchlurd. and New Liskeard, 
the Village of Thornloe. and the lownshipn 
of ArmslTong, Bucke. I^airder Lake. 



HcGarry, and Teck. in 
Diatrki ol TimiskBHiing 
Reg 824. 1 i3 



the Territorial 
R R n 1470. 



*TAHDA«I>« rna WASTi managekiht tvtir.m 

l4.-"(i) The loUowing are ilandards for the 
operation ol a waste management syitem Ihal are 
to be met (o the satisfaction of the Mmister by an 
applicant for a certificate ol approval iheri^loi 

I. All wa»le rulleclinn vehicle* aitd wule 
carriers shall be to corulrurtrd »* to enable 
waste (o b<- transferred Miely and vnlhuul 
nuisance from storage coniainers lo the 
vehKle 

1 lloili(-f> ol waste collirtMHi vehicle* and 
waste camen shall he mi construitrd as lo 
withstand abrasion and •orrcnion lium the 
wa^tr 

3. Bodies ol waMe roller lion vrliii'lr> And 
waste curlers ihall be leakprouf and 
covered where necesviry lo |>ri'V<>nt the 
emission of uHeiiMVe odours, llir [allinn 
or blowing ol waste material Ironi ihe 
vehirles or tlie release of dust or ulhei 
air-burne materials that may caiiv air 
puJlutiiin 

(2) A certificate of approval for a waste manage 
ment system is Kubjert to Ihe condition that lltr 
tyslem shall lonlinue lo be opi'rated in anordance 
with the standards approved Mierelor R R 0. t''70. 
Reg 824. s. 14. 



APPENDIX B 



REGULATION MADE UNDER 
THE ENVIRONMENTAL PROTECTION ACT, 1971 

1. Section 1 of Regulation 824 of Revised Regulations 
of Ontario » 1970 is amended by adding thereto the following 
paragraphs : 

2 5 a^. "organic soil conditioning" 
means the incorporation of 
processed organic waste in 
the soil to improve its 
characteristics for crop or 
ground cover growth; 



2 7_a, "processed organic waste" 
means waste that is pre- 
dominantly organic in 
c ompos ition and has been 
treated by aerobic or 
anaerobic digest ion, or 
other means of stabiliza- 
tion, and Includes sewage 
residue from sewage works 
that are subject to the 
provisions of The Ontario 
Water Resources Act ; 

2. Section 2 of Regulation R2A of Revised Regulations 

of Ontario. 1970 is amended by adding thereto the following 

i tem: 

9a. Processed organic waste. 

3. Section k of Regulation 82A of Revised Regulations 

of Ontario, 1970 is amended by adding thereto the following 

item: 

7a, Organic soil conditioning site. 
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4. Section 6 of Regulation 824 of Revised Regulations 
of Ontario, 1970 Is amended by adding thereto the following Item: 

6, Organic waste management 
system. 

5.-(l) Subsection 1 of section 10 of Regulation 824 
of Revised Regulations of Ontario, 1970, exclusive of the 
paragraphs , is revoked and the following substituted therefor: 

(1) The following are pre- 
scribed as standards for 
the location, maintenance 
and operation of a land- 
filling site: 

(2) Paragraphs 6 and 7 of subsection 1 of the said 
section 10 are revoked and the following substituted therefor: 

6. Where necessary to Isolate 
a landfill in g site and 
effectively prevent the 
egress of contaminants, 
adequate measures to 
prevent water pollution 
shall be taken by the 
construction of berms 
and dykes of low per- 
meability. 



Where there is a possibility 
of water pollution resulting 
from the operation cf a land- 
filling site, samples shall 
be taken and tests made by 
the owner of the site to 
measure the extent of egress 
of oontamlnants and, If 
necessary, measures shall be 
taken for the collection and 
treatment of contaminants and 
for the prevention of water 
pollution . 



(3) Subsection 2 of the said section 10 is revoked. 

6.-(l) Subsection 1 of section 11 of Regulation 824 
of Revised Regulations of Ontario, 1970, exclusive of the 
paragraphs. Is revoked and the fo llowlng substituted therefor: 

(1) The following are pre- 
scribed as standards for 
the location, maintenance 
and operation of an In- 
cineration site: 

(2) Paragraph 5 of subsection 1 of the said section 
11, exclusive of the subparagraphs, Is revoked and the following 
substituted therefor: 

5, The following equipment 
shall be provided as 
necessary for particular 
applications : 

(3) Subsection 2 of the said section 11 is revoked. 

7.-(l) Subsection 1 of section 12 of Regulation 824 
of Revised Regulations of Ontario, 197 0, exclusive of the 
paragraphs, is revoked and the following substituted therefor: 

(1) The following are pre- 
scribed as standards 
for the location, main- 
tenance and operation 
of a dump : 

(2) Paragraph 8 of subsection 1 of the said section 

12 Is revoked and the following substituted there for: 

8. The operator of a dump 
shall apply such cover 
material at such Inter- 
vals as Is necessary to 
prevent harm or material 
discomfort to any person. 
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(3) Subsection 2 of the said section 12 Is revoked 

8,-(l) Subsection 1 of section 14 of Regulation 824 
of Revised Regulations of Ontario, 1970, exclusive of the 
paragraphs, Is revoked and the following substituted therefor: 

(1) The following are pre- 
scribed as standards 
for the operation of a 
waste management system: 

(2) Subsection 2 of the said section lA is revoked 

9. Regulation 824 of Revised Regulations of Ontario, 
1970 is amended by adding thereto the following section: 



13a^. The following are pre- 
scribed as standards fo 
the location, maintenan 
and operation of an org 
soil conditioning site: 

1. The site shall be s 
that it is In an ad 
from any watercours 
mined by the land s 
prevent direct surf 
to the watercourse. 

2 . The site shall be a 
feet from the neare 
dwel 1 ing . 

3. The site shall be a 
feet from any area 
deve 1 opmen t . 

4. The site shall be s 
the maximum level o 
water table at the 
sufficient dl stance 
surface to prevent 
of ground water in 
determined by the p 
the soil. 



r 

ce 

anic 

o located 
equate d 1st ance 
e , as det er- 
lope , to 
ace drainage 

t least 300 
St individual 

t least 1 , 500 
o f res ident ial 



o located t ha t 
f the ground 
site is at a 

below the 
the impairment 
aquifers as 
ermeabili ty of 



5. The site shall be at least 300 
feet from any water wells. 

6. No processed organic waste shall 
be applied to the site during 
any period in which conditions 
are such that surface runoff is 
likely to occur taking into 
account land slope, soil per- 
meability and the climatic con- 
ditions of the area, 

7. The site shall be established 
only on land that is, or is 
intended to be, used for pasture, 
fallow or the growing of forage 
crops , 

a. during the current growing 
season, or 

b ■ where application of the 
processed organic waste is 
made sometime after the 
current growing season, to 
the end of the subsequent 
growing season. 

8. Berms and dykes of low per- 
meability shall he constructed 
on the site where necessary to 
Isolate the site and effectively 
prevent the egress of contaminants 



m 



APPENDIX C 

INTERIM GUIDELINES FOR PROCESSED ORGANIC 
WASTE HAULING AND SPREADING EQUIPMENT 

1. Equipment should be maintained in good working order 
at all times and should be cleaned on a regular basis. 

2. Before the tank can be used for any other purpose, 
permission must be obtained from the appropriate authority. 

3. The processed organic waste should be spread at 
least as wide as the spreading equipment, 

^. Some method should be provided to control the 
spreading valve by the driver of the spreading equipment 
while vehicle Is in motion. 

5. The spreading valve should not be opened until the 
spreading equipment is in motion. 

6. The spreading valve should be of the "fail safe" 
(ie., self closing) or an additional manual standby valve 
should be employed to prevent the uncontrolled spreading of 
the processed organic waste. 

7. Care should be taken under windy conditions to avoid 
spreading out of the approved area. 

8. The hauling equipment should be so designed to 
prevent the possibility of spillage, the dissemination of 
odours, and other public nuisances during transport. 

9. If the processed organic waste is transferred from 
the hauling equipment to separate spreading equipment, the 
transfer should be carried out under controlled conditions 
to preclude spillage. 
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APPENDIX D 

EFFECTS ON CROPS OF TOXIC METALS IN PROCESSED 
ORGANIC WASTE 

A recent paper by J, V^ebber, Agricultural Development and 
Advisory Service at Leeds in the Water Pollution Control Journal, 
Volume 71, No. A, 1972 gives representative toxicity data summarized 
as follows: 

i) Zinc, copper and nickel are the elements most likely to 
give rise to toxicity problems in plants due to the use 
of processed organic waste as a soil additive. 
Chromium toxicity has been indicated in some instances. 

^J It is generally not possible to diagnose heavy metal 
toxicity from the observation of crop symptoms. 

^1 Toxic effects of all metals, except perhaps of anionic 
chromium (i.e. potassium chromate), are reduced at 
pH levels above 6.5, 

j^;); Toxicity symptoms due to zinc appear at levels of 
125 mg/kg available zinc, 

^J With cereal crops toxicity due to copper will appear 
at levels of 200 mg/kg in an acid soil of pH 5.2 and 
at levels of 400 mg/kg at a pH of 6.8. 

gj Toxic effects of nickel become prominent at levels 
in excess of 50 mg/kg soil. 

tj Webber suggests maximum permissible levels of the 
metals zinc, copper and nickel in sludge applied 
to agricultural land of 250 mg/kg zinc equivalent 
at soil pF's above 6.5. Evidence indicates copper 
to be twice as toxic as zinc and nickel to be 8 
times as toxic as zinc. 
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APPENDIX E 



INTERIM GUIDELINES FOR DISPOSAL OF 
SLUDGE BY LAND APPLICATION 



NOTE 



1* 



a) The following pertains to the disposal of sludge 
which had undergone proper anaerobic or aerobic 
digestion or other suitable processing, at a 
municipal sewage treatment plant. 

b) It is intended that the method of land application 
entail the utilization of sludge in the agricul- 
tural Industry, as opposed to merely disposing of 
the material. 

Site Location 



1,1 The site should be remote from surface water courses. The 
mln, distance between the site and the surface water course 
should be determined by the land slope as follows: 



Max. 


Minimum Distance to Watercourse 






Sustained 
Slope 


For Sludge Application 
During May to Nov, inclusive 


For Sludge Application 
During Dec. to Apr. inclusive 




) to 3% 


200 ft. 


600 ft. 




3 to 6% 


400 ft. 


600 ft. 




5 to 9% 


600 ft. 


No sludge to be applied 




(greater 
than 9% 


No sludge to be applied 
unless special conditions 
exist 


No sludge to be applied 













1.2 The site shall be at least 300 ft. from 
individual human habitations. 

1.3 The site shall be at least 300 ft. from 
water wells. 

l.U The site shall be at least 1,500 ft. from 
areas of residential development. 
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Land Characteristics 



2.1 The land slope and soil pernieabillty will determine the 
time of vear that sludge may be applied, as follows: 



Max. Sustained 

Slope 



Soil Permeability** 



Allowable Duration of Application 



to 3% 
3 to 6% 



Southern Ont. 



Northern Ont. 



6 to 9"/ 



greater than 



any 

rapid to moderately 
rapid 

moderate to slow 



rapid to moderately 
rapid 

moderate to slow 



any 



12 mon/yr. 
12 mon/vr. 



10 mon/yr, 
(May to Feb.) 

7 mon /yr . 
(May to Nov. ) 

6 mon/yr. 
(M^y to Oct.) 



12 mon/yr. 
12 mon/yr. 



9 mon/yr. 
(June to Feb. ) 

6 mon/yr . 
(June tp Nov.) 

5 mon/yr. 
(June to Oct.) 



No sludge application unless 
warranted by special conditions 



** Soil permeability classification shall be in accordance with Tables 1. 
and 2. of the Ministry of Agriculture & Food's publication entitled 
"Drainage Guide for Ontario" (See Appendix 1.). The type of soil should 
be determined with the use of County Soil Maps available through the 
Ministry of Agriculture & Food. 



2.2 The ground water table during sludge application should 
be not less than 3.0 ft. from the surface for soils with 
moderate to slow permeability. For soils with rapid to 
moderately rapid permeability the ground water table 
should be not less than 5.0 ft. from the surface. 

2.3 Where sludge application is carried out by tank truck, 
untiled land should be given preference to tiled land. 
Where tiled land is used the sludge hauling contractor 
should request instructions from the landowner, with 
regards to minimizing the possibility of damage to the 
tile system. 
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3i* Site Management 



3.1 When sludge is applied to agricultural land, the land 
Is to be used only for pasture, fallow or the growing 
of forage crops. Dairy cattle should be excluded 
from pasture land. These restrictions on land use 
shall apply from the date of application until the 
end of the calendar year during which the sludge has 
been applied. 

3.2 The boundaries of the site shall be marked (eg. with 
stakes at comers) so as to avoid confusion regarding 
the location of the site during sludge application, or 
during the taking of soil or crop samples. The markers 
should be maintained until the end of the current or 
subsequent growing seascn , whichever is applicable. 

3.3 Soil tillage and sludge application, should where 
possible, follow the contours of the land (to maintain a 
contour furrow system). Passage of sludge spreading 
vehicles over the land should be minimized, to reduce 
compaction of the soil (eg, the allowable sludge 
application rate in cu. yds./A/yr,, could be achieved 
after one or two passes) . 

3.4 Special precautions may be required where the possibility 
of localized surface water runoff problems exist. 

Sludge Application Rates 

4,1 In determining the allowable rate of sludge application 
for a particular parcel of land, the objective shall be 
to match as closely as possible the quantity of nutrients 
removed from the soil by the harvesting of the crop. The 
allowable rate will thus be determined by the nutrient 
uptake capabilities of the particular crop under consideration 

The sludge hauling contractor shall adhere to the application 
rate (In cu. yd./A/yr.) specified in the Certificate of 
Approval issued by the Waste Management Branch of the 
Ministry of the Environment. The suitability of sludge 
application rates may if required be monitored by soil 
analyses and/or crop analyses. The collection of soil or 
crop samples shall be the responsibility of the Waste 
Management Pranch. 



APPFNDIX I 



Soil Group 



1& 

lb 

Ic 

2a 

2b 

2c 

3a 

3b 

3c 

4a 

4b 

4c 

4d 

4e 

5 

6 



4.2 The sludge shall be spread uniformly over the 
surface of the land. 

4.3 The sewage treatment plant operating agency is to 
keep records of the location of all the sites used 

for the disposal of its sludge and the sludge quantities 
disposed of at each site, each week (eg. volume of 
sludge In cu. yds,, and weight of sludge solids in 
tons). The operating agency shall ensure that 
at least every 3 months, samples of the sludge are 
submitted for thorough analysis (eg. total solids, 
volatile solids, pH, nitrogen, phosphorus, potassium, 
ether extractables, heavy metals, etc.). 



Note: The following tables are extracts from the 

Ministry of Agriculture & Food's publication 
No. 29 entitled "Drainage Guide for Ontario". 



Table I - Drainage Key for Soil Groups 



Permeability 



Slope 



Typical Soil Type 



Slow 



Moderate 



Moderately rapid 



Rapid 



Level to depressional 
Level to undulating 
Undulating 

Level to depressional 
Level to undulating 
Undulating to rolling 
Level to depressional 
Level to undulating 
Undulating to rolling 
Level to depressional 
Level to depressional* 
Level to undulating 
Level to undulating* 
Undulating to rolling 
Bedrock at less than 2 
Organic Soils 



ft. 



Jeddo 

Haldimand 

Caistor 

Brookston 

Brooks ton 

Perth 

Parkhill 

London 

Guelph 

Granby 

Wauseon 

Brady 

Berrien 

Fox 

Farming ton 

Muck, Peat 



* Clay at 6 feet or less 
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Table II - Index of Soil Series in Key 



Series 


Soil 


Series 


Soil 


Series 


Soil 


Name 


Group 


Name 


Group 


Name 


Group 


L' Achlgan 


^ 


Caledon 


4e 


Fmlly 


m 


Alberton 


te 


Caistor 


le 


Englehart 


m 


Allendale 


4% 


Camilla 


m 


Evanturel 


■■'Se 


Alllston 


m 


Campbell 


tc 


Falardeau 


Im- 


Almonte 


u 


Cane 


M 


Farming ton 


5 


Ameliasburg 


5 


Carp 


2c 


Femdale 


M 


Ancaster 


3c 


Casey 


3fe 


Flamboro 


4a 


Applet on 


^■: 


Cashel 


:lfe. 


Fonthlll 


4« 


Atherley 


2a 


Castor 


m 


Fox 


4^. 


Balnsvllle 


3a 


Chesley 


m 


Foxboro 


3a 


Balderson 


3b 


Chlnquacousy 


lb 


Franktown 


5 


Bamf ord 


Ac 


Christy 


3« 


Galesburg 


M 


Bancroft 


4e^ 


Clyde 


2a 


Gananoque 


Ic 


Bass 


11* 


Cod ring ton 


3b 


Gerow 


ia 


Bastard 


5 


Co lb or ne 


4# 


Gilford 


M 


Battersea 


2c 


Colwood 


1^ 


Gordon 


ic. 


Beamsvllle 


la 


Conover 


i^. 


Granby 


4d.. 


Bearbrook 


In 


Cooksvllle 


5 


Grenvllle 


3<: 


Belmeade 


la 


Coutts 


3b 


Grimsby 


'4e 


Bennington 


2c 


Cralgleith 


lb 


Guelph 


.^ 


Berrledale 


3c 


Cramahe 


4« 


Guerln 


3b 


Berrien 


4d 


Cromble 


U 


Gwilllmbury 


4c 


Beverley 


3b 


Back 


M 


Halleybury 


Ic 


Blnbrook 


U 


Da It on 


4d 


Haldlmand 


ife 


Blackwell 


M 


Darlington 


3c 


H anbury 


16 


Blanche 


^ 


Dawson 


3c 


Harkaway 


3& 


Bolingbroke 


4c 


Deloro 


3e 


Harriston 


■^ 


Bondhead 


3c 


Doe 


2a 


Harrow 


U 


Bookton 


m 


Donnybrook 


4e 


Hendrle 


4e 


Brady 


4<i 


Dumfries 


3e 


Hen wood 


4« 


Brant 


3c 


Dummer 


3e 


Hlllier 


i 


Brant ford 


&, 


Dundonald 


U 


PUlsburg 


'0m 


Brethour 


2a 


Bunedln 


Ic 


Hlmsworth 


2a 


Bridgman 


4e 


Dymond 


3i> 


Hlnchlnbrook 


3b 


Brighton 


4e 


Earner 


3e 


Roneywood 


3c 


Brisbane 


4 c 


Far It on 


m> 


How land 


3b 


Brockport 


5 


Eastport 


'4« 


Huron 


ie 


Brookston 


Im 


Edenvale 


M 


Tnnisvllle 


^ 


Brookston 


^ 


Egapville 


5c 


Jeddo 


1^ 


Bucke 


4d 


Flderslle 


2c 


Kagawong 


5 


Burford 


4e 


Eldorado 


^s 


Kars 


4l| 


Bumbree 


5 


Elk Pit 


te. 


Kemble 


2® 


Bum St own 


3e 


Elmbrook 


■^ 


Kenabeek 


4ft 


Burpee 


4fi 


Elms ley 


S 


Killean 


'3^ 


Buzwah 


2^' 


Embro 


3b 
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Table II - Continued 



Series 


Soil 


Series 


Soil 


Series 


Soil 


Name 


Group 


Name 


Group 


Name 


Group 


King 


2c 


Nipisslng 


3b 


St, Samuel 


4a 


Lamb ton 


2c 


Norham 


3c 


St .Thomas 


4e 


Lanark 


2c 


North Gower 


m 


Sullivan 


4e 


Lansdowne 


lb 


Oneida 


M 


Sutton Bay 


3e 


Leech 


2c 


Ontario 


Se 


Tavistock 


2c 


Lietrlm 


3c 


Osgoode 


U 


Thames 


2b 


Lieth 


3c 


Oshtemo 


4e: 


Tennyson 


3c 


Lily 


3a 


Osnabruck 


i^ 


Tecumseth 


4c 


Lincoln 


la 


Osprey 


JC: 


Teeswater 


3c 


Lindsay 


2b 


Otonabee 


3c 


Thorah 


4c 


Listowel 


3b 


Otterskin 


m 


Thornloe 


la 


Little Current 


5 


Parkhlll 


'^ 


Thwaltes 


2c 


Lockport 


5 


Peat 


% 


Tioga 


4e 


London 


3b 


Peel 


u 


Toledo 


2b 


Love ring 


2b 


Pelham 


4h 


Traflagar 


5 


Lyons 


3a 


Pense 


2e 


Trent 


3b 


Magnet awan 


2c 


Perch 


%m 


Tuscola 


3b 


Mallard 


4c 


Percy 


It 


Tweed 


3c 


Malt on 


2a 


Perth 


:2^' 
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